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1   Introduction
Jorma Niemi
Due to important global environmental questions such as climate change, the level 
of general concern for environmental quality is increasing. Simultaneously the role 
of environmental monitoring as a source of information for addressing environmen-
tal questions has also increased. This tendency is reflected e.g. in the policy of the 
European Union, where numerous directives relating to the environment have been 
formulated and put into practice. Currently the implementation of the EU Water 
Framework Directive and particularly the design of the monitoring programs re-
quired by the directive are topical. 
The objective of this report was to gather together the environmental monitor-
ing to be carried out by the national Finnish institutes in 2006-2008. An additional 
objective was to promote information exchange and future cooperation between the 
institutes. The monitoring of natural resources, environmental pressures and the state 
of the environment are discussed. The report is based on the more detailed report 
“Ympäristön seuranta Suomessa 2006-2008” published in Finnish by the Finnish 
Environment Institute. In 2003 a similar report covering the years 2003-2006 was 
published. The publication summarizes the monitoring activities of the following 
national governmental institutes: 
• Geological Survey of Finland, (www.gsf.fi)
• Finnish Meteorological Institute, (www.fmi.fi)
• National Public Health Institute, www.ktl.fi/ytos/
• Plant Production Inspection Centre, (www.kttk.fi)
• Finnish Museum of Natural History, (www.fmnh.helsinki.fi)
• Agrifood Research Finland, (www.mtt.fi)
• Finnish Institute of Marine Research, (www.fimr.fi)
• Finnish Forest Research Institute, (http://www.metla.fi/)
• Metsähallitus - Forest and park Service (www.metsa.fi)
• Information Centre of the Ministry of Agriculture and Forestry, 
(www.mmmtike.fi)
• Finnish Game and Fisheries Research Institute, (www.rktl.fi)
• Radiation and Nuclear Safety Authority, (www.stuk.fi)
• Statistics Finland, (www.stat.fi).
• Finnish Environment Institute (SYKE), http://www.vyh.fi/eng/welcome.
html and
• Regional Environment Centres (REC). 
http://www.vyh.fi/eng/welcome.html
Detailed information about the institutes and their field of expertise is available from 
the internet pages given and from the contact persons shown in the text.
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2   Environmental monitoring in Finland 
Jorma Niemi 
Milestones of environmental monitoring. Environmental monitoring has a long 
tradition in Finland. Weather has been observed since 1839, water levels since 1849 
and discharges and water levels in all important river systems since 1910. In 1910 
the publication of the Hydrological Yearbook began. Monitoring of birds started in 
1913, forest inventories in the 1920s, wastewater inventories in the 1950s and drinking 
water inventories in the 1960s. National monitoring of river water quality started in 
1962 and that of lakes in 1965. After the implementation of the Water Act in 1962 the 
local pollution control monitoring network based on the “polluter pays” principle 
was created and has been in operation since then. This network, typical of the Finn-
ish monitoring strategy, currently includes some 5000 sampling sites. More recent 
monitoring programs are those of chemicals started from the 1960s, groundwater 
from 1975, air quality from 1983 and wastes in the 1980s. 
Monitoring data produced. The total amount of data produced by monitoring 
programs has rapidly increased in recent decades. For example the cumulative data-
base of the Finnish Environment Institute contains water quality data of about 58 000 
sampling sites (17 million results), phytoplankton data of about 2 000 sampling sites 
(10 000 results) and hydrological data of more than 2 500 sites (23 million results). 
This data and other monitoring data is published in scientific articles, reports and for 
the general public. Special emphasis is paid to quality control of the produced data 
e.g. by using certified personnel for sampling and standardized chemical analytical 
methods.
Data utilization. At the Finnish Environment Institute as in other institutes the 
tendency is that the amount of monitoring data increases rapidly. Environmental 
problems are numerous and require expertise from many fields of science. These 
data should be used effectively in assessing the quality of the environment. There-
fore simultaneous use of monitoring data from different environments should be 
stressed in solving environmental problems. This approach was emphasized e.g. in 
the Environmental Monitoring Strategy published in 2003 by the Finnish Ministry 
of the Environment.
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3   Natural resources 
3.1 
Water 
National hydrological observations comprise three basic programs, namely hydrom-
eteorological monitoring, hydrometric (surface water) monitoring and hydrogeologi-
cal monitoring. Observations at small hydrological basins focus on process studies 
and impacts of non-point loading . 
3.1.1
National hydrological observations – basic programs 
Marja Reuna, Markku Puupponen
Hydrometeorological monitoring can be further divided into three programs: areal 
precipitation, areal snow water equivalent, and potential evaporation. The values of 
areal precipitation are based on 380 precipitation gauges, operated by the Finnish 
Meteorological Institute. The areal values of snow water equivalent are calculated by 
using monthly measurements at 160 field stations, together with meteorological and 
geographical data. Both the areal values of precipitation and snow water equivalent 
are calculated daily by operational grid models. Potential evaporation is measured 
at 17 stations by using a standardised Class-A pan equipment.
Hydrometric monitoring is focused on inland surface waters. At the national level, 
there are four hydrometric programs: water level, river discharge, ice cover, and water 
temperature. The water level network has 305 stations, and the number of stations 
in the river discharge network is 280. Ice thickness is measured at 51 points, whereas 
the dates of freezing and ice break-up are reported by 250 observers. Surface water 
temperature is measured at 35 stations, and temperature profiles are observed at 10 
lakes. Within the national monitoring program, the Environmental Administration 
receives part of the hydrometric data from other sources – mainly from the hydro 
power sector. This set includes some 100 sites for surface water level and 120 sites 
for river discharge. All other surface water observations are produced by the Envi-
ronmental Administration. 
Hydrogeological monitoring has two programs: observations at groundwater 
basins, and measurements of soil frost depth. The former is focused on 55 natural 
basins, where groundwater levels and several water quality variables are observed. 
The number of independent soil frost stations is 45. 
The main objectives of hydrological monitoring are real-time or almost real-time 
data services for water resources management and flood forecasting (see hydro-
logical models below), study of hydrological variability and trends, water resources 
information for the media, hydrological contribution for the EU Water Framework 
Directive, study of hydrological processes, and other hydrological support related 
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to water resources management, restoration and protection. Hydrological data and 
information are being used extensively for operational purposes, but also for water 
resources research and assessment. As a major part of the data are collected in almost 
real-time, continuously updated web pages have become a very important channel 
of information. Hydrological reviews are also made frequently for distribution in 
other media. 
The Environmental Administration owns and maintains a total of some 800 hy-
drological observation sites. That is about 60% of the overall volume of the national 
programs described above. The rest of the data are bought from other operators or 
received on the basis of legal obligations.
The division of labour between the Finnish Environment Institute (SYKE) and the 
Regional Environment Centres is as follows: SYKE is responsible for network design, 
standards, data processing, data systems and data services at the national level, 
whereas the Regional Environment Centres take care of the field operations, includ-
ing observers, and regional data services. The standards and instructions related to 
hydrological monitoring are given in the hydrological quality system that is available 
on the Intranet of the Environmental Administration. 
Contact person: Marja Reuna, Finnish Environment Institute, Tel. + 358 20 490123,
Email: firstname.lastname@ymparisto.fi.
3.1.2 
Monitoring at small hydrological basins 
Jukka Järvinen
Monitoring at small hydrological basins provides runoff data from 35 small drainage 
basins (0.07-122 km2) without lakes. The basins are equipped with measuring weirs, 
rain gauges and snow measurements including frost measurement. In addition, physi-
ographic factors are surveyed in the field. In 14 basins water quality is measured for 
calculating non-point loading or natural leaching. The measured data from basins are 
used as a reference for areas with no direct measurements, for modelling, for land use 
studies and for various process studies. Changes in long-term runoff time series can 
be used to detect trends with special reference to climate change. There are 24 original 
basins that are still in operational use. These basins provide runoff observations from 
a period of more than 45 years.
Contact persons: Jarmo Linjama, Finnish Environment Institute, 
Tel. + 358 20 490123, Kirsti Granlund, Finnish Environment Institute, 
Tel. +358 20 490123, Email: firstname.lastname@ymparisto.fi
3.1.3 
Hydrological models 
Bertel Vehviläinen
In Finland the Watershed Simulation and Forecasting System (WSFS) is widely used 
for real time simulation of hydrological cycles and for watershed forecasting and 
simulation of climate change effects on water resources. The system is based on a 
catchment rainfall-runoff model with the same basic structure as the HBV-model 
widely used in Scandinavia. The new version of the WSFS covers 390 000 km2 compris-
ing total land area of Finland including cross-boundary watersheds. The sub-basin 
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division of the model is the third level watershed division (60-100 km2) or the 1x1 
km2 grid in research models. 
The input values of the model are daily precipitation, temperature and water level 
data. The simulated variables are areal precipitation, evapotranspiration, snow stor-
age, soil moisture, lake evaporation, surface, sub-surface and groundwater storage, 
runoff, discharges and water levels of the main rivers and lakes. An elevation model 
is used to calculate the height and gradient effects on areal precipitation, temperature 
and snow melt. In an ongoing project the catchment model is improved by using land-
use, vegetation and soil type data to increase the accuracy of the spatial variation of 
the simulated components (snow, soil moisture, soil frost, evapotranspiration).
The remote sensing data used in the model are satellite data from snow-covered 
areas and precipitation data from weather radar. In the Envisnow EU-project, meth-
ods of using ENVISAT snow data within WSFS were developed. An important part 
of the WSFS in forecasting is the automatic model updating system developed in the 
Finnish Environment Institute (SYKE). Model updating is made using water level, 
discharge and snow line observations. The updating procedure corrects the model 
simulation by changing the areal values of temperature, precipitation and potential 
evaporation so that the observed and simulated discharges, water levels and water 
equivalent of snow are equal.
The inputs of the WSFS are: precipitation from 200 stations, temperature from 40 
stations, precipitation from weather radar covering almost the whole of Finland and 
Class-A pan evaporation from 22 stations. During the updating procedure the mod-
els in WSFS are corrected against: water level observations from 450 stations (160 in 
real time), discharge observations from 320 stations (130 in real time), snow water 
equivalence observations from 180 stations and real-time data of the snow-covered 
area in Finland from satellite images.
The main operating part of WSFS is a distributed watershed model, which simu-
lates the hydrological cycle using standard meteorological data for the whole of Fin-
land. Other systems to which the WSFS is connected are the hydrological data register, 
operative watershed management systems, the automatic real-time water level and 
discharge observation station network, synoptic weather stations reporting through 
the Finnish Meteorological Institute (FMI), and weather forecasts from the European 
Centre of Medium-Range Weather Forecasts (ECMWF) via the FMI. Connection to a 
diffuse load simulation system (VEPS) has also been achieved.
The WSFS collects watershed data from the registers, runs forecasts and distributes 
the results to the Internet and registers for different users. The different stages in wa-
tershed forecasting are: weather data transfer in real-time from the FMI, automatic 
collection of watershed data from registers, watershed model updating according to 
the real time data obtained, forecast runs by watershed models and distribution of 
forecasts through the Internet: www.environment.fi/waterforecast.
Contact person: Bertel Vehviläinen, Finnish Environment Institute, 
Tel. + 358 20 490123, Email: firstname.lastname@ymparisto.fi
3.1.4 
Bathymetric surveying of inland waters 
Jari Hakala
The objective is to measure general features of lakes bigger than 50 hectares for 
professional and recreational purposes. Surveying is carried out in cooperation with 
Regional Environment Centres. GIS-data of lake depths are updated annually both 
in the GIS database of the Finnish Environment Institute and in the topographic 
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database of the National Survey of Finland. Depth curves of lakes are published as 
maps (scale 1:20 000). 
Contact person: Jari Hakala, Finnish Environment Institute, Tel. + 358 20 490123,
Email: firstname.lastnameymparisto.fi
3.1.5 
Ice, waves and water level in the sea 
Maria Laamanen
The operational Baltic Sea ice information service of the Finnish Institute of Marine 
Research was organized to collect, combine, analyze and distribute sea ice informa-
tion and it has been operational since 1915.
The sea ice information is collected from various sources, and both earth observa-
tions and ground information are important. NOAA and ERS images are used, and 
reconnaissance flights are performed using icebreaker-based helicopters. Ground 
information is collected from fixed stations, pilots, coast guards, vessels and icebreak-
ers. The data is exchanged internationally with other ice services. Remote sensing, air 
reconnaissance and ground truth are combined using versatile image processing. In 
the wintertime, the ice conditions are reported daily. In addition, processed satellite 
images (NOAA and ERS) are sent to the active icebreakers via a specially designed 
communication system (IRIS). Traditionally the main customers of the sea ice infor-
mation have been those in shipping, fishing and military.
The wave and sea level information service of the Finnish Institute of Marine 
Research (FIMR) conducts measurements, forecasts and investigations for port and 
route planning, mapping and construction activities, accident investigation and navi-
gation. The FIMR operates 13 tide gauges on the Finnish coast. In addition to the sea 
level, the surface water temperature is also measured. Most of the stations have been 
operating since the 1920s; the oldest ones – Hanko and Helsinki – for more than 100 
years. The current tide gauges have been instrumented with fully-automated data 
recording units for real-time operation and telecommunication. The hourly sea level 
observations of the past day and the daily mean values of the past year are updated 
on the Baltic Sea Now website of the FIMR.
The FIMR has made wave measurements in the northern and middle parts of the 
Baltic Sea since the 1970s. The measurements have been made mainly with wave 
buoys equipped with acceleration sensors. At the present, the wave measurements 
in the northern Baltic Proper and off Helsinki in the Gulf of Finland are transferred in 
real time. In addition to these two sites, temporary wave measurements are made for 
reasearch purposes at different locations in the Baltic Sea. The wave buoys measure 
wave height, wave period, wave direction and the sea surface temperature. Opera-
tional wave forecasts and measurements are updated on the FIMR website Baltic 
Sea Now.
Contact persons at the Finnish Institute of Marine Research: Ari Seinä, 
Tel. +358 (0)9 61394440, ice service Tel. +358 (0)9 6857659,         ice-info@fimr.fi (ice condi-
tions), Kimmo Kahma, Tel. +358 (0)9 61394429, Hanna Boman,     
Tel. +358 (0)9 61394438, Heidi Pettersson, Tel. +358 (0)9 61394426 (waves and sea           
level). Email: firstname.lastname@fimr.fi
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3.2 
Atmosphere 
Juho-Pekka Kaukoranta
3.2.1 
Weather stations
The Finnish Meteorological Institute was started in 1838 when a magnetic observatory 
was founded at the University of Helsinki. One of the tasks of the observatory was 
to establish a weather observation network in Finland. The first review on Finland’s 
climate was published as early as in the 1840s.
Until the 1980s the weather observations were made in the same manner: an observ-
er read the values measured by instruments and made all the other observations at 
fixed times. As automated data processing and communication networks developed, 
automatic weather observations became feasible. Nowadays, many of the weather 
stations are semi-automated, which means human observers make some but not all 
of the observations. Approximately 90-95 % of observations are automatic. 
On 1.12.2005 the Finnish Meteorological Institute obtained various weather ob-
servations as follows:
Station type Number of
stations
Explanations
Radio sounding 3 1Class I stations send a minimum of eight complete 
weather messages per day as a rule. Automatic meteo-
rological stations do not make observations about the 
types of cloud or the occurrence of thunderstorms. 
Some of the observations can be made manually (pre-
cipitation, state of the ground surface and snow depth) 
and the observation frequency can be increased as 
necessary. Some of the observations made at manually 
operated stations may be automatic, in which case 
weather messages may be incomplete.
2Class II stations are characterised by observations 
possibly being made less frequently than at Class I 
stations, and the number of parameters measured may 
be lower. Most manually operated stations report only 
3-4 times a day, and some only once a month. Reports 
produced at these stations concern a few essential 
weather parameters such as temperature, humidity, 
wind and possibly precipitation. Marine, lake and fell 
stations are among the stations included in this cat-
egory.
3At precipitation stations precipitation, snow depth 
and the state of the ground surface are assessed once 
a day.
4Snow line-measurement and snow depth stations pro-
vide data twice a year, around January 15th and March 
15th. Snow density stations measure snow depth and 
density throughout the winter every five days.
Class I – automatic1 38
Class I – manual1 6
Class II – automatic2 100
Class II – manual2 34
Aviation weather 
(Finnish Civil Aviation 
Authority)
21
Precipitation3 240
Precipitation3
(Finnish Environment 
Institute)
41
Mast weather 3
Weather radars 8
Snow line measurement4 32
Density of snow cover4 31
Snow depth4 208
Sunshine duration 24
Solar radiation 9
In addition to the Finnish Meteorological Institute, there are also other institutes and 
authorities (such as the Civil Aviation Administration, Finnish Road Administration, 
Finnish Forest Research Institute, municipalities) making weather and air quality 
observations.
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3.2.2 
Weather observations
Basic meteorological observations include air temperature and relative humidity: all 
183 weather stations measure these parameters. All 157 stations measure wind speed 
and direction, 140 stations measure atmospheric pressure, 73 stations measure vis-
ibility and 55 stations measure cloudiness. Observations are made generally at least 8 
times a day, but at manual class II stations there have traditionally been three manual 
observations per day at 6, 12, and 18 hours UTC (Universal Time Coordinated). Daily 
manual precipitation and snow depth are observed at 400 stations. The measuring 
time is at 8.00. Additionally, at some stations sunshine duration, global, diffuse and 
ultraviolet radiation and soil temperature are also observed. 
At Jokioinen observatory, Sodankylä Arctic Research Centre and Tikkakoski sound-
ing station meteorological parameters are also measured in the upper atmosphere up 
to a height of 23 kilometres. This is performed twice a day by launching a meteoro-
logical balloon carrying instruments and a radio transmitter. 
Contact person: Juho-Pekka Kaukoranta, Finnish Meteorological Institute, 
www.fmi.fi, Tel. +358 9 1929 5748, Email: firstname.lastname@fmi.fi
3.3 
Forests
3.3.1 
The Finnish National Forest Inventory 
Kari T. Korhonen, Erkki Tomppo
The National Forest Inventory (NFI) is a monitoring system producing reliable, na-
tionwide information on forests and forest resources – volume, growth and quality of 
the growing stock, forms of land use, needs for silvicultural measures in the forests, 
forest condition and forest biodiversity. The NFI is also a key information source in 
UNFCCC LULUCF greenhouse gas reporting for forests. The first sample based NFI 
was carried out already during the 1920s. Since then, NFIs have been repeated by 
approximately 10 year intervals. The most recently completed inventory, the 9th NFI, 
took place during 1996-2003. The field work for the 10th NFI started in 2004 and it 
will be completed in 2008.
The Finnish NFI is based on statistical sampling. Sample plots measured in the field 
form the sampling units. In the 9th NFI, more than 70 000 sample plots were measured. 
More than 150 variables were recorded for each sample point and approximately 0.5 
million trees were measured. 
The applied sampling design has varied over the decades. The first NFIs were 
based on line surveys and measuring sample plots placed on the survey lines. Since 
the 1960s the sample plots have been placed in clusters and the field work has been 
done region by region. In the 10th NFI sampling design was changed so that now field 
plots are measured in the whole country each year. The advantage of the new design 
is that the field data represent the same years in each part of the country. In the 10th
NFI the cycle of the field work was intensified to 5 years from the 8 – 10 years of the 
previous NFIs. 
Traditionally, temporary plots have been used in the NFI. In the 9th NFI some of 
the field plots were established as permanent plots. These plots will be remeasured 
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in the 10th NFI. The permanent plots will produce more reliable information on the 
changes in forests.
Multi-source NFI. The results of the NFI are reliable for large areas, i.e. for areas 
with high enough numbers of measured field plots. A multi-source inventory was 
introduced in the end of the 1980s and has been used in an operative way since 1990. 
It employs satellite images (e.g. Landsat TM and ETM+) and digital map data, e.g. 
base map data including a digital elevation model, in addition to field sample plots. 
It produces statistics for small areas, e.g., for municipalities as well as thematic maps 
of forest resources. In order to improve the accuracy, the estimation method is under 
continuous development.
Publication of NFI results. The main results are published in the journals of Metla 
and the Statistical Yearbook of Forestry. Articles on selected themes are also published 
in other scientific journals. The first results based on the 10th NFI will be published in 
2006. The methods have been and will be published in international journals.
Contact person: Kari T. Korhonen, Finnish Forest Research Institute, P.O.Box 68, 80110 
Joensuu, Tel. +358 10 211 3030, firstname.lastname@metla.fi.
Inventory methods and multi-source inventory, Erkki Tomppo, Finnish Forest Re-
search Institute, Unioninkatu 40 A, FIN-00170 Helsinki, Finland, Tel. +358 10 211 2170, 
Email: firstname.lastname@metla.fi
3.3.2 
Forest damage diagnostic service 
Antti Pouttu
The forest damage advisory service is responsible for answering inquiries and for 
providing diagnoses about forest damage and diseases. Forest damage is monitored 
and prognoses are made when necessary. Information is gathered annually from forest 
authorities and forest owners. Reports of the forest damage situation are presented to 
the Ministry of Agriculture and Forestry and published on the Internet every year.
The Internet Forest Health service “Metinfo Metsien terveys” (in Finnish) is up-
dated according to the research results. The Internet service is intended as a practical 
tool in pest and disease management, training and education. In the Internet service 
there are over 150 descriptions of damaging agents with over 800 photos. It also 
includes interactive diagnosis, prognosis leaflets, a list of forest damage experts and 
legislation information on forest protection. 
Contact person: Antti Pouttu, Finnish Forest Research Institute, Vantaa, Tel, 010 211 
2576, Email: firstname.lastname@metla.fi
Further information: http://www.metla.fi/hanke/3047,
http://www.metla.fi/mietinfo/metsienterveys/index.htm
3.3.3 
Specimen bank of the Finnish Forest Institute 
Jarmo Poikolainen
The Environmental Specimen Bank (ESB) of the Finnish Forest Institute (Metla) situ-
ated in Muhos was established in 1994 and extended in 1999. Its total floor area of 770 
m2 has a specimen storage space of 296 m2 divided into nine fireproof storage rooms 
(19 m2 – 62 m2). The total storage shelf length is 3 960 m. Sample pre-treatment and 
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office rooms as well as an auditorium, exhibition room and accommodation services 
are available. 
Only pre-treated and dried plant samples are currently stored. The ESB contains all 
Metla´s dried plant samples that require long-term storage. The most important sam-
ples of the ESB are the moss samples collected in the national heavy metal monitoring 
surveys and forest litter material from tree seed crop studies. In addition, separate 
sample series from the universities of Helsinki and Oulu and reference moss material 
for a European survey of atmospheric heavy metal deposition (UN/ECE ICP Vegeta-
tion) are stored. The total number of samples exceeds 200 000. 
The Ministry of Education initiated a project entitled “Environmental specimen 
banking and co-operation” as a part of the Biodiversity and Monitoring Program in 
Finland (MOSSE, 2003-2006). The project focuses on long-term storage of environ-
mental samples and cooperation between the national institutes active in specimen 
banking in Finland. The main target of the project is to develop by the end of 2006 
procedures in environmental banking and to improve and unify the storage and use 
of environmental samples collected in Finnish monitoring programs. One of the objec-
tives is to promote the use of existing specimen material in research and education.
Contact persons: Finnish Forest Research Institute (Metla), Muhos Research Unit, 
Kirkkosaarentie 7, 91500 Muhos
Jarmo Poikolainen, Tel. +358 10 211 3753, Email: firstname.lastname@metla.fi
3.4 
Animals, plants, mushrooms and berries
3.4.1 
Fish resources
Jari Raitaniemi
The Finnish Game and Fisheries Research Institute (FGFRI) produces monitoring 
data of the fisheries and biology of the most important fish stocks. The monitoring 
is carried out for national needs and for fulfilling various international agreements 
concerning the protection and use of the fish resources. The most important results 
of the monitoring are stock size, spawning stock biomass and fishing mortality.
Baltic herring, sprat, cod, and salmon fisheries are internationally regulated. Be-
cause of mainly national needs, the Baltic fish stocks of e.g. populations of whitefish, 
sea trout, vendace, pike-perch, perch, pike, flounder and inland vendace are moni-
tored. As a part of international co-operation, the fish communities are monitored in 
permanent areas situated in different parts of the Baltic Sea.
The commonly used fish stock models require information on the total catch, CPUE 
(catch per unit effort), composition of the catch, growth and reproduction success. The 
stocking statistics are needed especially for the salmonids. The catch information is 
obtained from the national catch statistics of the FGFRI or sometimes from separate 
enquiries. The samples are usually taken from the catches of professional fisheries; 
occasionally from test fishings or recreational fishing. In addition, information on fish 
populations is acquired by e.g. markings and genetic studies of fish.
Monitoring data of the most important fish species and populations are available 
for the past 20-30 years. The monitoring results have been reported in species or stock 
specific publications, and from 1997 onwards in a publication by Statistics Finland. 
Data of the occurrence of fish species in different river systems have been collected 
in a fish stock register.
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Contact person: Jari Raitaniemi, Finnish Game and Fisheries Research Institute, Turku 
Game and Fisheries Research, Itäinen Pitkäkatu 3 (entry from Kaivokatu 16, yard), 
FIN-20520 Turku, Finland, Tel. + 358 0205751685, Email: firstname.lastname@rktl.fi
Finnish Game and Fisheries Research Institute, Main Office in Helsinki, P.O. Box 2, 
Viikinkaari 4, 00791 Helsinki, Tel. + 358 02057511
3.4.2 
Livestock 
Sanna Vuorisalo
Tike, the Information Centre of the Ministry of Agriculture and Forestry (http://
www.mmmtike.fi), is the authority responsible for the statistics on the number and 
production figures of livestock. Statistics on the numbers of livestock are compiled 
from administrative registers and from farmers. Since 1999, data on the number of 
bovine animals has been obtained from the bovine register. Figures on other animals 
pertaining to the situation on the first of May are obtained from the integrated ad-
ministration and control system (IACS). Farmers are also asked to report the number 
of animals on their farms during farm surveys conducted on the first of June and 
on the first of December each year. The farm surveys are conducted on 10,000 farms 
selected using a sampling method.
Contact person: Sanna Vuorisalo, Tike, Information Centre of the Ministry of Agricul-
ture and Forestry, tel. +358 20 77 21324, Email: firstname.lastname@mmmtike.fi.
3.4.3 
Horticultural statistics, mushrooms and berries 
Anna-Kaisa Jaakkonen
Tike, the Information Centre of the Ministry of Agriculture and Forestry, (http://
www.mmmtike.fi), maintains a register of horticultural enterprises that is used for 
compiling statistics on commercially cultivated horticultural products. The statistics 
cover the cultivation of vegetables, berries, fruit, decorative plants and mushrooms, 
as well as nurseries, greenhouses, storage facilities and certain other factors related to 
this field. Information in the register goes back to 1984. Prior to that year, horticultural 
statistics were compiled in conjunction with the agricultural census from 1940, and 
through sample studies from 1952 to 1983. Statistics on the amounts of wild berries 
and mushrooms, as well as cultivated berries supplied to retailers, have been compiled 
since 1974. These statistics cover the price of domestic berries and mushrooms and their 
retail value, as well as the income generated by collection and cultivation.
Contact person: Anna-Kaisa Jaakkonen, Tike, Information Centre of the Ministry of Ag-
riculture and Forestry, tel. +358 20 77 21374, Email: firstname.lastname@mmmtike.fi.
3.4.4 
Plant phenology 
Eero Kubin
The Finnish Forest Research Institute (Metla) started phenology monitoring of most 
common forest trees and dwarf shrubs at the national level in 1996. The aim of the 
19The Finnish Environment  26 | 2006
monitoring is to obtain information concerning biological cycles of forest trees and 
other forest vegetation and to investigate factors affecting these phenomena.
Observations are made in about 40 monitoring sites throughout Finland in co-op-
eration with the Finnish Forest and Parks Service, universities and other research and 
education organizations. Nine different tree species are monitored, pubescent birch 
(Betula pubescens), silver birch (B. pendula), aspen (Populus tremula), rowen (Sorbus
aucuparia), bird cherry (Prunus padus), grey alder (Alnus incana), Scots pine (Pinus
sylvestris), Norway spruce (Picea abies), juniper (Juniperus communis) and two dwarf 
shrubs, bilberry (Vaccinium myrtillus), and lingonberry (V. vitis-idaea). Emergence, yel-
lowing and shedding of leaves and flowering are monitored in broadleaves, flowering 
and height growth in conifers, and flowering and ripening of berries in dwarf shrubs. 
Observations are made twice a week during the growing season from the same trees 
and same stands of dwarf shrubs. Results can be viewed almost in real time on Metla´s 
web pages (www. Metla.fi/metinfo/fenologia/).
Contact persons: Finnish Forest Research Institute (Metla), Muhos Research Unit, 
Kirkkosaarentie 7, 91500 Muhos, Eero Kubin, Tel. +358 10 211 3710, Jarmo Poikolainen, 
Tel. +358 10 211 3753, Email:     firstname.lastname@metla.fi
3.4.5 
Annual forecast and inventory system of bilberry 
and cowberry and commercial mushrooms
Kauko Salo
In 1997 the Finnish Forest Research Institute (Metla) launched a national forecast 
system of wild berries and commercial mushrooms. There are over 200 forest sites 
or peatlands under survey annually. The survey encompasses economically the most 
important berry species (cowberry, bilberry and cloudberry) and 30 commercial 
mushrooms (e.g. ceps, russulae and milk caps).
Five 1.0 m2 survey squares have been established in each forest site or peat land 
under study. In these survey squares the amounts of flowers, unripe berries and 
ripe berries are counted during the growing season. The abundance of commercial 
mushrooms is counted on the whole forest.
The data is delivered to Metla at Joensuu Research Centre, where the yield data 
is processed in the MASI -database. For each berry species, the ArcInfo –software 
is used to draw theme maps considering for example the schedules of flowering 
and ripening in different parts of Finland. The notifications and theme maps issued 
during the growing season can be accessed in the internet (www.metla.fi/metinfo/
monikaytto/marjasieni/).
In the form of communications and theme maps shown on television and in news-
papers, Finnish berry pickers are informed about the timing of flowering and the 
development of unripe and ripe berries, factors affecting yields (e.g. frost, pollination 
and drought), the sites where the biggest yields occur and the yield levels of wild 
berries (very abundant, abundant, average, poor and very poor).
Contact person: Kauko Salo, Finnish Forest Research Institute, Joensuu, Yliopistokatu 
7, Box 68, FIN-80101 Joensuu Finland, Tel. + 358 10 211 3034, Email: firstname.last-
name@metla.fi.
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3.5 
Cultivated soils
3.5.1 
Countrywide long-term monitoring of arable soils 
Visa Nuutinen 
In this study MTT Agrifood Research Finland is monitoring chemical soil quality of 
arable fields situated throughout Finland. The follow-up provides information which 
is needed in the maintenance of sustainable use of cultivated soils. The monitoring 
sites, presently 705 in total, have been sampled three times at approximately 10 year 
intervals (1974, 1987 and 1998). Soil samples have been taken from the topsoil. When 
timothy has grown at the sampling site, a plant sample has also been taken (200 
timothy samples in the 1998 sampling). Soil and timothy have been analysed for 
easily soluble nutrients, trace elements and heavy metals (P, K, Ca, S, Mg, Al, B, Cd, 
Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se and Zn). Analysis methods are the same as used 
in arable soil testing in Finland and in a global FAO soil survey which was carried 
out by MTT. In addition, soil pH, electrical conductivity, bulk density and organic 
matter content have been determined. Samples have been stored in MTT’s soil bank 
for later reference and research. 
3.5.2 
Field soil monitoring at experimental stations and farms 
Visa Nuutinen
This follow-up was started in 1992 when 158 field soil monitoring sites were estab-
lished at 21 agricultural experimental stations and farms throughout Finland, most 
of them at MTT’s research stations. The second and currently the latest sampling was 
done in autumn 1997 when 122 sites at 16 stations were sampled. The cultivation his-
tory of the sites is available, which allows the investigation of management impacts 
on soil quality. Soil samples have been taken both from the plough layer and from 
subsoil. Trends in the concentrations of easily soluble nutrients, trace elements and 
heavy metals (P, K, Ca, S, Mg, Al, B, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Zn and V) 
have been followed. Analysis methods are the same as those used in the countrywide 
follow-up (above). Soil texture, pH, electrical conductivity, bulk density and organic 
matter content have also been determined. A part of each sample has been stored in 
MTT’s soil bank. 
Contact persons at the MTT- Agrifood Research Finland, FIN-31600 Jokioinen, Fin-
land, Tel + 358 3 41881,Visa Nuutinen and Martti Esala.     
Email: firstname.lastname@mtt.fi.
MTT- Agrifood Research Finland, www.mtt.fi
3.5.3 
Arable land and crop production 
Anneli Partala
Tike, the Information Centre of the Ministry of Agriculture and Forestry (http://
www.mmmtike.fi), is the authority responsible for compiling statistics on arable land 
in crop production and on harvests. Statistics on the use of arable land are compiled 
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in early summer as preliminary statistics based on administrative registers and a 
sample survey. The final statistics are compiled on the basis of data from all farms. 
Nationwide data on the use of arable land dates back to 1920. Regional data extends 
back to several decades. Municipal data is available from the beginning of 1910. It is 
derived from the results of agricultural surveys performed at ten year intervals. Since 
1995, municipal information has been compiled annually.
Contact person: Anneli Partala, Tike, Information Centre of the Ministry of Agriculture 
and Forestry, tel. +358 20 77 21376, Email: firstname.lastname@mmmtike.fi.
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4   Environmental pressures 
4.1 
Water abstraction and water use
Ritva Britschgi 
On average the abstraction of total renewable freshwater resources in Europe is about 
15%, and in Finland about 2 %. This shows that Finnish water resources are relatively 
abundant in comparison to their use. According to the present classification there 
are about 6600 groundwater areas suitable for drinking water purposes. However, 
the daily use of groundwater and artificial groundwater is presently only 0.7 million 
cubic metres or 60 % of the water distributed by waterworks. It is estimated that by 
the year 2010 this percentage will increase to 70 %. It has been estimated that theo-
retically a volume of about 5.5 million cubic metres per day could be abstracted from 
the Finnish groundwaters.
Contact person: Ritva Britschgi, Finnish Environment Institute, Tel. +358 20 490123,
Email: firstname.lastname@ymparisto.fi
Data on water abstraction by industry is stored in the national VAHTI data base. The 
data extends back to the year 1998. The data is regularly reported to e.g. Statistics 
Finland and OECD.
Contact person: Maria-Leena Hämäläinen, Finnish Environment Institute, tel. +358
20 490123, Email: firstname.lastname@ymparisto.fi
4.2 
Regulation of lakes 
Mika Marttunen
Regulation of lakes has an important role in the management of water resources. 
About 15 000 km2 or 45 % of the lake area is regulated. The main purposes of regula-
tion are hydro power production and flood protection, but water transport, water 
supply and recreational use are also important. In addition regulation is often used 
as a means for restoration of small lakes.
Contact person: Mika Marttunen, Finnish Environment Institute, Tel. +358 20 490123,
Email: firstname.lastname@ymparisto.fi
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4.3 
Wastewater loading 
4.3.1 
Forest industry wastewaters 
Timo Jouttijärvi
In the 1980s and particularly since 1985 when the first biological wastewater treat-
ment plants were constructed, the wastewater load of the forest industry started to 
decrease. Since then, the positive development in pulp and paper processes as well 
as in treatment technology has led to drastic decrease in terms of organic matter 
and suspended solids to the recipient. The replacement of elementary chlorine (Cl2)
with chlorine dioxide (ClO2) in bleaching processes in the early 1990s dramatically 
decreased the total load of organic chlorine compounds measured as AOX and practi-
cally prevented the formation of the most harmful polychlorinated compounds in the 
process. Effluents from pulp and paper mills also contain nitrogen (N) and phospho-
rus (P) in various forms, some of which are available to aquatic biota and thus have 
a eutrophying impact on receiving waters. Thanks to the efficient biological purifica-
tion of wastewaters, the contribution of the forest industry to the total anthropogenic 
nutrient load on Finnish surface waters has fallen drastically being currently below 
4%. Even so, pulp and paper mills still contribute to local eutrophication.
In 2004 the total annual load from the pulp and paper industry was: total suspend-
ed solids 17 940 tonnes, biological oxygen demand (BOD7 ) 13 200 tonnes, chemical 
oxygen demand (CODCr) 181 340 tonnes, organic chloride compounds (AOX) 0.16 
kg per ton of bleached pulp produced , phosphorus 182 tonnes and nitrogen 2 570 
tonnes (http//www.forestindustries.fi/en/tilastot/effluent.htm).
Contact person: Timo Jouttijärvi, Finnish Environment Institute, Tel. + 358 20 490123,
Email: firstname.lastname@ymparisto.fi
4.3.2 
Municipal wastewaters. 
Maria-Leena Hämäläinen
Since 1970 the environmental protection policies concerning water pollution from 
urban areas have developed favourably. The municipal discharges of organic mat-
ter and phosphorus decreased sharply during the 1970s and this decrease has since 
continued. In 1997 municipal wastewater treatment served about 80 % of the popu-
lation. Effective wastewater treatment dramatically decreases the input of nutrients 
discharged to waters by municipal wastewater. Information stored in the data banks 
of the Finnish Environment Institute show that in the early1970s (1971-1974) the BOD7
load from municipalities after treatment varied between 41 000 and 46 000 tonnes per 
year, whereas in 2004 it was only 5 200 tonnes per year. In the early 1970s (1971-1975) 
the phosphorus load from municipalities after treatment was about 2000 tonnes per 
year and in 2004 only 219 tonnes per year. In 2004 the reduction of BOD7 load was 
95.9 % and that of phosphorus 94.7 %.
Contact person: Maria-Leena Hämäläinen, Finnish Environment Institute, Tel. + 358
20 490123, Email: firstname.lastname@ymparisto.fi. More information: http://www.
vyh.fi/tila/vesi/kuormit/yhdyskun/orgkuot.htm and  http://www.vyh.fi/tila/
vesi/kuormit/yhdyskun/foskuot.htm
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4.3.3 
Agriculture 
Kirsti Granlund
Agriculture involves manipulation of soil, water and other natural resources and 
has significant effects on the environment. In Finland the percentage of agricultural 
land is 9 % of the total land area. In many comparatively large river basins, however, 
it can exceed 30 %. In these areas, particularly in south-western Finland, agriculture 
is a major source of nutrient loading. Eutrophication of surface waters is a severe 
environmental problem caused by agriculture. Phosphorus and nitrogen losses from 
agricultural land exceed those of industrial and municipal loads summed together. 
Particularly during recent decades the proportion of agriculture as a source of phos-
phorus has increased as the purification of municipal and industrial wastewaters has 
become more effective. Much attention has therefore been paid to policies aiming at 
reducing loading from non-point sources, e.g. by introducing the Finnish Agri-Envi-
ronmental Support Scheme. Because agricultural fields and significant groundwater 
aquifers are mainly located in different geological formations, agriculture has only 
local and restricted effects on the nitrogen concentration of groundwater. 
Diffuse loading from agriculture, forestry and scattered settlements is not directly 
monitored in Finland. The overall effects can be estimated by monitoring water flow 
and quality in small representative study catchments and river basins representing 
different land uses. The effects of hydrological, soil and management conditions 
on diffuse loading are studied in 14 small catchments. Intensive automatic water 
sampling provides accurate estimates of nutrient loads during high flow periods. 
The results from these catchments have been widely used e.g. for model testing and 
estimation of total nutrient load to surface waters.
Contact person: Kirsti Granlund, Finnish Environment Institute, Tel. + 358 20 490123, 
Email: firstname.lastname@ymparisto.fi.
4.3.4 
Fish farming 
Erkki Kaukoranta
In 2005 Finnish fish farms produced annually some 12 000 tonnes of rainbow trout 
for human consumption. About two thirds of the fish farms are net cage installations 
located mainly in coastal waters of the Baltic Sea. Only a minor proportion of fish 
farms are land basin installations located in inland waters. Fish-farming damages lo-
cally the water quality of coastal waters, particularly in the south-western part of the 
country, and locally may also cause quality deterioration in inland waters. In recent 
years the intensity of fish farming has declined, and simultaneously the loading has 
decreased.
Contact person: Erkki Kaukoranta, Regional Environment Centre of Southwest Fin-
land, Turku, Finland, http://www.vyh.fi/eng/rec.htm, Tel. + 359 2 5253500,
Email: firstname.lastname@ymparisto.fi
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4.4 
Air emissions 
4.4.1 
The Finnish Environment Institute 
Kristina Saarinen
The Finnish Environment Institute (SYKE) produces information on air pollutant emis-
sions for environmental planning and policy making, for research and for public use. 
Emission data are reported to the UNECE Convention on Long Range Transboundary 
Air Pollution. According to the EU Directives on atmospheric pollution these data are 
also supplied to the regional conventions of HELCOM and OSPAR. SYKE also esti-
mates greenhouse gas emissions from the waste sector, emissions of fluorinated gases 
and NMVOC emissions to the reports submitted annually to the UNFCCC.
SYKE produces air emissions inventories, prepares reports and participates in 
national and international air pollution expert tasks. A special task for SYKE is to 
maintain national information on emission estimation methods and emission factors 
in cooperation with the expert institutes and industry. 
The Air Emissions Data System is part of the Environmental Information System 
based on the Environmental Protection Act and produces emission data at the level of 
individual processes and on local and national scales. The emission data is available 
both through the user interface of the environmental administration (Hertta) and on 
the website: http://www.ymparisto.fi/default.asp?node=13255&lan=en
Contact person; Kristina Saarinen, Finnish Environment Institute, Tel. +358 20 490123,
Email: firstname.lastname@ymparisto.fi.
4.4.2 
Statistics Finland 
Kari Grönfors
Statistics Finland has been designated as the national authority with overall respon-
sibility for the greenhouse gas inventory in Finland. In addition Statistics Finland is 
partly responsible for calculation of Energy and Industrial Processes sectors.
Statistics Finland uses the ILMARI calculation system to produce comprehensive 
data on greenhouse gas emissions and some other emission components from energy 
production and consumption as well as industrial processes in Finland. The system 
is currently used to calculate emissions of sulphur, carbon monoxide, carbon dioxide, 
hydrocarbons, methane, nitrogen oxides and particulates classified by industry, type 
of combustion process, fuel type and area. Data are available from 1990, excluding 
1991.
ILMARI serves as a part of the Finnish National System for greenhouse gas in-
ventories, producing some essential information for reporting to the United Nations 
Framework Convention on Climate Change and to the Kyoto Protocol. The data are 
also published in Statistics Finland’s annual Environment Statistics and Energy Statistics 
publications. Data by branch of industry produced with ILMARI also constitute a 
basic element of environmental accounting.
Contact persons at Statistics Finland: Kari Grönfors and Teemu Oinonen, 
Tel.: +358 9 17341 (switchboard), kasvihuonekaasut@stat.fi Further information at: 
http://www.stat.fi/greenhousegases
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4.5 
Wastes 
4.5.1 
Finnish Environment Institute 
Kirsi Merilehto
The national waste monitoring data is to a great extent based on the Compliance 
monitoring system VAHTI (the waste data register), which is maintained by the 
Environmental Administration. Information provided for the system is obtained 
on the basis of obligations given in the Environmental Legislation. According to the 
legislation, waste producers that possess an environmental permit for their operation, 
must annually provide information for the authorities regarding the generation of 
wastes as well as their recovery and disposal operations of them. Besides maintaining 
the above-mentioned waste data in the VAHTI-database, Regional Environmental 
Centres must maintain registers containing information on waste collection and 
transport on a professional basis, operation as a seller or dealer in waste if the waste 
is intended for recovery or disposal outside Finnish territory, producer corporations 
and economic operators. The Finnish Environment Institute SYKE maintains a register 
concerning notifications of transboundary movements of wastes and on the relevant 
decisions, and also a master register of waste data registers.
In addition, Pirkanmaa Regional Environment Centre is obliged to keep a producer 
data register of notifications made to them in accordance with the Waste Act, and of 
the decisions made thereupon. Producer responsibility applies to final disposal of 
vehicles, recycled paper, packaging and packaging waste, wastes of electronic and 
electric equipment and used tyres. 
A systematic waste monitoring system requires on-going maintenance and devel-
opment work. In 2002, SYKE made a contract with Statistics Finland for bilateral co-
operation in compiling national waste statistics and reporting waste data for national 
(e.g. the national waste plan) and international purposes (e.g. reporting obligations 
set by EU directives, statistical data provided for EUROSTAT and EEA etc.). 
The classification of wastes in reporting systems and maintaining the VAHTI-da-
tabase is based on the European Waste Catalogue (EWC) and List of Wastes (LoW). 
For improving the quality of waste data provided for the system, the Finnish Envi-
ronmental Administration and Statistics Finland have been working jointly on the 
outlines for waste classification. The first Finnish guide to waste classification was 
published by Statistics Finland in 1997 and a revision according to the 2002 hazard-
ous and non-hazardous waste catalogue appeared in 2005. For compiling statistics 
for monitoring and reporting purposes, Statistics Finland uses the VAHTI-database 
as a main data source. 
Statistics Finland is the authority in charge of compiling national waste statistics. 
The data is provided e.g. for reports to the EU Commission, Eurostat (the Statistical 
Office of the European Communities) and OECD. The first Regulation of the European 
Parliament and Council on Waste Statistics (EC N:o 2150/2002) was adopted in 2002. 
The Regulation requires statistical data to be compiled on the production and recovery 
of waste in all economic activities. The reporting is to be performed following the 
waste classification that has been aggregated from the European Waste Catalogue and 
is annexed to the Regulation. According to the Waste Decree, SYKE is nationally, and 
regional environment centres locally in charge of providing information on wastes 
and engaging in monitoring. 
According to the Waste Decree, the Ministry of the Environment is in charge of 
preparing the National Waste Plan, and SYKE takes part in preparing it. The regional 
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environment centres for their part take part in preparing regional waste plans. In the 
Revised National Waste Plan in force until 2005 and in the Regional Waste Plans, 
targets were set for waste quantities, recovery and for the development of waste 
management. The follow-up of these targets is based on annual data provided for the 
information system. An updated national waste plan will be drawn up by the end of 
2006, regional waste plans in 2007. In context, a special follow-up system for assessing 
the impacts and targets set by the waste plans is being elaborated.
Contact persons: Finnish Environment Institute Tel. + 358 20 490123, Markku Kuk-    
kamäki, Kirsi Merilehto and Suvi Runstén (the national and regional waste plans)      
Email: firstname.lastname@ymparisto.fi, Statistics Finland Tel. +358 917341 (switch-     
board), Juha Espo and Simo Vahvelainen, ymparisto.energia@tilastokeskus.fi (waste 
statistics).
Links: http://www.ymparisto.fi/default.asp?node=5297&lan=en
http://www.tilastokeskus.fi/index_en.html
http://www.tilastokeskus.fi/til/jate/index_en.html
4.5.2 
Statistics Finland 
Jukka Muukkonen
Statistics Finland compiles national waste statistics, which are reported to Eurostat, 
the Statistical Office of the European Communities, and to the OECD, among others. 
Waste statistics are today produced according the waste classification (EWC) and the 
industrial classification (NACE) within the European Union.
The Finnish Environmental Administration and Statistics Finland have been work-
ing jointly on the outlines for waste classification. The first Finnish guide to waste clas-
sification was published by Statistics Finland in 1997 and a guide revised according 
to the 2002 hazardous and non-hazardous waste catalogue was published in 2005.
The first Regulation of the European Parliament and Council on Waste Statistics 
(EC N:o 2150/2002) was adopted in autumn 2002. The Regulation requires statistical 
data to be compiled on the production and recovery of waste in all economic activi-
ties. The reporting is to be performed following the waste classification that has been 
aggregated from the European Waste Catalogue and is annexed to the Regulation.
Contact persons: Simo Vahvelainen and Jukka Muukkonen, Statistics Finland, Tel. 
+358 917341 (switchboard), Email: ymparisto.energia@stat.fi
Further information at: www.tilastokeskus.fi/ymparisto
4.6 
Land use 
Jukka Muukkonen
Statistics Finland has published a national Land Use Classification, compiled using 
international land use classifications and the SLICES project of the National Land 
Survey of Finland as the starting points. Introduction of the Classification supports 
harmonization of the definitions and concepts used in land use statistics, thereby 
improving their comparability. The Classification is a binding standard for official 
statistics but it is also recommended for other information systems describing the use 
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of land. Statistics Finland has published land use statistics that are derived from the 
results of the SLICES project.
Contact persons: Riitta Poukka, Statistics Finland, Classification Services, and Jukka 
Muukkonen, Statistics Finland, Environment and Energy, Tel. +358 917341 (switch-
board), ymparisto.energia@stat.fi.
4.7 
Extraction of gravel and rock aggregates 
Jari Rintala 
The extraction of gravel and rock aggregates causes landscape deterioration and 
increases the risk of groundwater pollution. In a project coordinated by the Finnish 
Environment Institute (SYKE), crucial information on the geological formations and 
groundwater areas is collected for mediation of groundwater protection and aggre-
gate production. The information on the extracted aggregate volumes is collected by 
municipalities which are also responsible for granting the permits, and recorded in a 
database by the inspecting authorities (Regional Environment Centres). An account-
ing system on the extraction volumes is being developed by SYKE and the Geological 
Survey of Finland, and reports on volumes of permitted and extracted aggregates are 
published annually. The restoration measures needed will be estimated after mapping 
all the extraction areas. 
Contact persons: Finnish Environment Institute, Tel. +358 20 490123,
Jari Rintala and Ritva Britschgi, Email. firstname.lastname@ymparisto.fi.
Geological Survey of Finland, Tel. +358 20 550 2294, Hannu Idman, 
firstname.lastname@gsf.fi.
4.8 
The use of chemicals 
Susan Londesborough
The use of chemicals in Finland is monitored jointly by the Health and Environ-
mental authorities. The Finnish Environmental Institute (SYKE) is responsible for 
the environmental aspects of monitoring of harmful substances. At present, data on 
concentrations of harmful substances in discharges and in the Finnish environment is 
limited. Therefore, diffuse and point source pollution is assessed mainly by modeling 
techniques. Industrial discharges to waters of metals, oils and AOX are estimated from 
measured concentration data. An advance approval procedure is used for pesticides, 
slimicides and wood preservative products in order to control the introduction of new 
harmful substances to the environment. Information on sales volumes is available for 
these products. In addition import and production volumes of professionally used 
chemicals classified as dangerous to human health or the environment have been 
registered in the Finnish Register of Chemical Products since 2002. 
Contact person: Susan Londesborough, Finnish Environment Institute, Tel. +358 20 
490123, Email: firstname.lastname@ymparisto.fi.
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5   State of the environment
5.1 
Water
5.1.1 
Monitoring of freshwater quality 
5.1.1.1 
Finnish freshwaters 
Jorma Niemi, Heidi Vuoristo, Sari Mitikka, Jaakko Mannio
Finland is a relatively flat northern country with a humid climate. It is situated be-
tween 60 and 70 degrees of latitude, being about 1100 km in length and having an 
area of 338 000 km2. Due to its northern location, climatological variations are high 
and the freezing and break-up of ice on rivers and lakes varies considerably. As much 
as 30 - 40 % of water discharged annually into the sea (3400 m3s-1) takes place during 
the spring thaw. The average rainfall in the country in 1961-1990 was 660 mm a-1,
of which 341 mm a-1 evaporates resulting in a runoff of 318 mm a-1. The country is 
divided into 74 main drainage basins. 
Water resources are abundant in terms of surface area. Inland waters cover some 
33 500 km2 (about 10 % of the total area of the country). A survey showed that the 
number of lakes and ponds exceeding 500 m2 (0.05 hectares) totalled 188 000. Of these 
about 56 000 have an area greater than 10 000 m2 (0.01 km2) and 4607 have an area 
greater than 0.5 km2. 46 lakes have an area greater than 100 km2.
Finnish lakes are typically shallow, with an average depth of about 7 m and they 
often form lake chains. The lakes in such chains are interconnected by straits that can 
occasionally be rapidly flowing and may to a great extent resemble rivers. The major-
ity of large lakes are in the central part of the country. The total volume of lakes, about 
235 km3, is relatively small in comparison to their large area. The detention time of 
lakes is relatively short, being on average about two years. The deepest lakes, with a 
maximum depth of 90-95 m, are Lakes Saimaa, Päijänne, Pääjärvi and Inarinjärvi.
The number of rivers is comparatively small. It has been calculated that there are 
647 rivers with a catchment area of over 100 km2 and with at least 10 km of channel              
uninterrupted by lakes. The total length of these rivers is about 20 000 km. If rivers 
with smaller drainage basins were included in the calculation this number would be 
considerably larger. Discharges of rivers vary widely, being highest during the spring 
thaw. The majority of rivers are in the coastal areas, discharging into the Baltic Sea, 
either into the Gulf of Finland or the Gulf of Bothnia. Lakes are less abundant in the 
coastal areas than in other parts of the country and in these areas rivers are, there-
fore, more frequently used as raw water sources and are appreciated for recreational 
activities such as swimming, fishing and water sports.
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Contact persons at the Finnish Environment Institute, Tel: + 358 20 490123
Sari Mitikka (water quality), Heidi Vuoristo (water quality), Jorma Niemi (water 
quality), Liisa Lepistö (phytoplankton), Markku Puupponen (hydrology),     
Email: firstname.lastname@ymparisto.fi.
5.1.1.2 
National monitoring programs 
Jorma Niemi, Heidi Vuoristo, Sari Mitikka, Jaakko Mannio
National water quality monitoring was started in the early 1960s by the Environ-
mental Authorities. The first monitoring programs were those of rivers started in 
1962 and of lakes started in 1965. Monitoring of phytoplankton was started both in 
rivers and lakes in 1963.The aim of these programs was to provide a general picture 
of the water quality of inland waters and a benchmark for further studies. At that 
time particularly the effects of industrial and municipal wastewater on natural waters 
were of concern. 
Since then many other monitoring programs have been started. These include 
programs e.g. for harmful substances, transport of suspended matter from land, 
water quality of transboundary rivers, acidification, impacts of climate change, ma-
terial input to the Baltic Sea through Finnish rivers and monitoring of the quality of 
coastal waters. Other monitoring programs include e.g. integrated monitoring, started 
in 1986. Biological variables are not monitored as often as chemical water quality 
variables. The most common biological variable monitored is phytoplankton. Bottom 
fauna is also monitored, but on a smaller scale. Presently there are some ten national 
freshwater monitoring programs in operation.
National water quality programs were updated when preparing the new programs 
for 2006-2008. This became necessary because of the implementation of the EU Water 
Framework Directive, and the monitoring programs required by the Directive must 
be operative from December 2006. The Directive places special emphasis on the eco-
logical quality of waters. Traditionally, national water quality programs have mainly 
been focused on physico-chemical water quality. The new programs were therefore 
developed to include the monitoring of biological variables such as phytoplankton, 
benthic inverterbrate fauna, macrophytes and fish. The objective is to make a modest 
start and gradually change the programs towards the requirements of the directive. 
Monitoring programs were evaluated and assessed by an advisory group. In re-
vising the monitoring programs particular attention was paid not only to the Water 
Framework Directive but also to national and international obligations in monitoring, 
monitoring of biodiversity and monitoring of harmful substances. Furthermore the 
use of remote sensing and automation in the monitoring were assessed. As a result 
of the revision the new programs for inland waters include fewer annual sampling 
sites than the earlier national Eurowaternet- networks, but the number of variables 
analysed has increased because of the inclusion of biological variables. The new lake 
monitoring programme includes many reference lakes prpresenting lake types that 
earlier were underrepresented.
Contact persons. Finnish Environment Institute: Tel. + 358 20 490123
Heidi Vuoristo (water quality), Jaakko Mannio and Jussi Vuorenmaa (climate change 
and harmful substances), Sari Mitikka (lakes and transboundary waters),
Jorma Niemi (rivers), Ansa Pilke and Olli-Pekka Pietiläinen (Water Framework Direc-
tive), Kirsti Granlund (diffuse loading). Email: firstname.lastname@ymparisto.fi.
Finnish Game and Fisheries Research Institute, Tel. +358 0205 7511, Evo, Rahtijärven-
tie 291. 16970 EVO, Martti Rask, Email: firstname.lastname@rktl.fi (fish monitoring)
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5.1.1.3 
Regional monitoring programs
Jorma Niemi, Heidi Vuoristo, Sari Mitikka
Regional monitoring is carried out by 13 Regional Environment Centres (RECs) 
which together cover the whole country. Regional monitoring is less intensive than 
the national monitoring. The selection of observation sites, sampling frequencies 
and the parameters to be analysed depends on the needs of the Regional Environ-
ment Centres. Accordingly, the number of sampling sites varies from year to year. 
The aim is that regional monitoring should fill the gap between the coverage of the 
national and local pollution control monitoring. In developing the monitoring pro-
gram required by the Water Framework Directive this traditional division between 
national and regional monitoring has become somewhat vague, as e.g. surveillance 
monitoring is carried out in RECs Regional Environment Centres: http://www.vyh.
fi/eng/welcome.html
5.1.1.4 
Local pollution control monitoring programs 
Heidi Vuoristo
Local pollution control monitoring of waters is based on the Environmental legislation 
and is paid by polluters. On the basis of the legislation the impacts of municipal and 
industrial waste waters and those of fish farms, peat mining companies, landfills, wa-
ter abstractions and hydraulic engineering operations are monitored regularly. Local 
pollution control monitoring plans are tailored individually for each polluter, taking 
into account the quality and quantity of waste waters as well as the conditions in the 
receiving water body. The plans are accepted by the environmental authorities. 
Typically the monitoring plans include a list of sampling sites and numbers and 
types of annual water quality analyses. Biological variables are included in the plans 
that cover large water areas. Hygienic indicator bacteria are monitored in most pro-
grams. The number of water quality sampling sites in local pollution control monitor-
ing (rivers, lakes and coastal sea areas) is about 5000. The results are reported annually 
to the Environmental Authorities.
Contact person: Heidi Vuoristo, Finnish Environment Institute, Tel. + 358 20 490123,
Email: firstname.lastname@ymparisto.fi
5.1.2 
Groundwater 
Juhani Gustafsson
The current groundwater monitoring network consists of stations which are located in 
unpolluted areas representing variable conditions. These observation stations provide 
basic geohydrological information and data on the back-ground concentrations of 
Finnish groundwater. Groundwater sampling for chemical analyzes and hydraulic 
head measurements are conducted quarterly. The monitoring network will be devel-
oped and completed during the year 2006 to meet the requirements of the EU Water 
Framework Directive. Moreover, the national groundwater monitoring network will 
be complemented with monitoring sites located in groundwater intake areas fol-
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lowing the EIONET Monitoring Guidelines. The national groundwater monitoring 
network is maintained by the Environment Administration.
The Road Administration’s monitoring of the impacts of de-icing is coordinated by 
the Finnish Environment Institute (SYKE), and the data are collected in the database of 
the Environment Administration. Further information is gathered from the monitor-
ing wells related to aggregate extraction, and from groundwater waterworks.
Contact persons: Finnish Environment Institute: Tel. + 358 20 490123,
Risto Mäkinen and Juhani Gustafsson, Email: firstname.lastname@ymparisto.fi.
Geological Survey of Finland, Tel. + 358 20 550 2366, Birgitta Backman, 
Email: firstname.lastname@gsf.fi.
5.1.3 
Monitoring of coastal waters 
Pentti Kangas, Pirkko Kauppila
The most important threats to the Finnish coastal waters are eutrophication and the 
effects of harmful substances. These necessitate an efficient monitoring program, har-
monized with other national and international programs. The Finnish monitoring of 
coastal waters in its current form was started in 1979, when the Baltic Sea Monitoring 
Program of HELCOM was also started. 
The current monitoring of coastal waters is composed of several parts. The quality 
of coastal waters is mapped at some 100 stations twice a year, and the dynamics of 
water quality at 14 intensive stations 16 to 20 times a year. In addition to physico-
chemical variables, chlorophyll a concentrations are also measured at all stations. 
Phytoplankton species composition, abundance and biomass are analysed from 5 
selected intensive stations. The Finnish environment institute coordinates the moni-
toring programs, and the Regional Environmental Centres carry out field observa-
tions, sampling, analyzing and storing of data.
Loading from land areas is analysed using a wide list of parameters at least 13
times from 33 rivers. Remote sensing is used for observations of surface temperature, 
nuisance algal blooms, turbidity and chlorophyll a concentrations. The wide network 
of local pollution control monitoring covers all the loaded coastal areas.
Biological monitoring covers phytoplankton, benthos and phytobenthos. The cur-
rent national zoobenthos monitoring has continued annually at the two fixed stations 
since 1964. This is one of the oldest biological time series in the Baltic Sea. The program 
for monitoring of the phytobenthos was started in 1999, when coordinated programs 
in other Baltic countries also began. The program is focused on the macroalgal veg-
etation on rocky shores.
The mapping, intensive, zoobenthos and phytobenthos programs have formed 
a part of the HELCOM COMBINE programs since 1998. At the beginning of 2002, 
intensive monitoring stations were included in the European coastal EUROWATER-
NET network, which is a basis for indicator reports published by the EEA. Results 
of monitoring are stored in the databases Hertta and POHJE, and they are utilized in 
research projects and in planning water protection measures.
These monitoring programs will be run in the described forms through 2006. The 
Water Framework Directive necessitates monitoring where the classification of the 
ecological state of water bodies is based mainly on biological variables. A program 
fulfilling these demands will be developed to be operative by the end of the year. The 
new national Water Framework Directive program will be based on recent monitor-
ing, other existing studies and some new elements of biological variables. 
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Contact persons in the Finnish Environment Institute, Tel. +358 20 490123
Pentti Kangas, Pirkko Kauppila, Antti Räike and Saara Bäck
Email: firstname.lastname@ymparisto.fi
5.1.4 
Monitoring of the Baltic Sea 
Maria Laamanen
In the open Baltic Sea, the worst environmental problems have been identified as 
eutrophication, harmful substances having effects on biota, loss of biodiversity and 
problems caused by shipping. In order to provide information especially on eutrophi-
cation and the status of biodiversity, the Finnish Institute of Marine Research (FIMR) 
monitors physical, chemical and biological properties of the open Baltic Sea. This 
monitoring complies with the COMBINE monitoring program of HELCOM and it 
has been carried out at the FIMR since 1979 and for certain parameters even longer. 
In addition, Alg@line monitoring, which is based on intensive automated sampling 
on merchant ships, produces near real-time information on the algal situation and 
other properties of the open sea environment. 
The HELCOM COMBINE monitoring is carried out with three annual monitoring 
cruises of R/V Aranda. The first cruise takes place in January/February and covers 
the Gulfs of Finland and Bothnia and the Baltic Sea Proper with about 100 sampling 
stations. The focus of this cruise is on hydrography and the winter pool of nutrients. 
The second annual cruise is for sampling of benthic animals. There are almost 80 
benthos sampling stations distributed in the Gulfs of Finland and Bothnia and the 
Baltic Proper. Zoobenthos has been monitored in some of them since 1962 or 1965. 
The third annual cruise takes place in July/August. During this cruise samples for 
phytoplankton and zooplankton, hydrography and nutrients are collected at 15 sta-
tions in the three basins mentioned above. In addition to the above monitoring cruises, 
information on hydrography, nutrients, Secchi depths and plankton is collected dur-
ing the various research cruises of the FIMR.
Information on the open sea environment with high temporal and spatial coverage 
is collected within the Alg@line monitoring system. Alg@line comprises monitoring 
with the automated systems on merchant ferries and the collection and distillation 
of information from other sources, such as aerial observations by the coastguard and 
land based observations. Alg@line is based on cooperation between several institutes 
in Finland and Estonia under the coordination of the FIMR. In 2005, Alg@line had 
observation and sampling systems on six ferries plying the Baltic Sea. Parameters 
monitored include e.g. salinity, temperature, in vivo fluorescence of chlorophyll a
and the associated information on time and location. In addition, water samples 
are taken for nutrient and phytoplankton analyses. Annually, about 7000 laboratory 
analyses are conducted from the water samples and the ship-bound systems make 
1.5-2 million observations. In order to provide high spatial resolution information on 
zooplankton, a Continuous Plankton Recorder (CPR) system is being developed and 
will become operational with monthly tows between Lübeck and Hamina during the 
open water season.
All sampling and laboratory analyses of the FIMR comply with the SFS/EN ISO/
IEC 17025 standard and the laboratory has an accreditation (test laboratory 040T) by 
FINAS.
The main means of distributing information from the Alg@line monitoring is via 
the internet on the Baltic Sea Now web pages of the FIMR. In addition, the FIMR has 
produced and annually updated five indicator fact sheets of HELCOM. The fact sheets 
provide information on changes in Secchi depth transparency since 1903, intensity 
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of the spring bloom since 1992, abundance of bloom-forming cyanobacteria since 
1997, and phytoplankton biomass and species composition as well as zoobenthos. 
Furthermore, the data is used in e.g. the assessments of HELCOM and for research 
purposes. In summer a weekly press release is given on the algal bloom situation in 
Finland in collaboration with the Finnish Environment Institute (SYKE).
The monitoring data are stored at the FIMR’s data base and annually transferred 
to the database of the International Council for the Exploration of the Sea (ICES) for 
HELCOM use.
Contact persons at the Finnish Institute of Marine Research: 
Pekka Alenius, Tel. +358 61394439 (physical parameters),
Matti Perttilä, Tel. +358 61394510 and Hannu Haahti, Tel. +358 61394517 (chemical 
parameters), Juha Flinkman, +358 61394551 (biological parameters),
Email: firstname.lastname@fimr.fi. Links: Alg@line information, 
Tel 0400-609269, algaline@fimr.fi (algal bloom situation).
5.1.5 
Development of water quality monitoring programs 
5.1.5.1 
The use of satellite images in water quality monitoring 
Kari Kallio, Jenni Attila
The operational satellite-based water quality products of SYKE are surface water 
temperature of the Baltic Sea and large lakes in Finland, and surface algal blooms 
and turbidity of the Northern Baltic Sea. In 2007, chlorophyll a of Finnish coastal 
waters will be available as a new product. The satellite images used for water qual-
ity estimation in SYKE are NOAA/AVHRR, Terra/MODIS and ENVISAT/MERIS. 
The operational products (maps and time series) are available on SYKE’s internet 
pages (www.environment.fi/syke/remotesensing). SYKE also participates in the 
water quality parts of European Space Agency’s GSE MarCoast and LAND programs 
(2005-2008).
In the development of new products the Kymijoki-Gulf of Finland and River 
Kokemäenjoki-Archipelago Sea-Bothnian Sea River Basin Districts are pilot areas. The 
use of satellite images requires reference measurements at the monitoring stations 
for algorithm calibration and validation. For this purpose, the measurements of total 
suspended solids, organic material and absorption coefficient of humic substances 
have been included in the national monitoring programs since 2000.
Contact persons in the Finnish Environment Institute, Tel. +358 20 490123   
Kari.Y.Kallio and Jenni Attila, Email: firstname.lastname@ymparisto.fi.
5.1.5.2 
The use of satellite images in the monitoring of snow melt 
Sari Metsämäki
Satellite images have been used in the monitoring of snow melt since 1999. In the 
Finnish Environment Institute (SYKE), remote sensing of snow is related to SYKE’s 
nationwide hydrological monitoring and forecasting; its major task is to provide in-
formation for hydrological forecasting in order to improve the forecasts. The remote 
sensing activity produces estimates on the regional fraction of Snow Covered Area 
(SCA). Currently, this is carried out with a specific SCA-method developed at SYKE. 
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The method uses optical data provided by Terra/MODIS (other sensors such as 
NOAA/AVHRR can also be used). MODIS-data covering the whole Finnish territory 
are delivered daily to SYKE from the Finnish Meteorological Institute. At SYKE, an 
automatic processing system handles the data until it is ready for snow interpretation. 
In the automated interpretation, the estimates of SCA for all Finnish drainage basins 
(according to the national classification third division sub-basins having an average 
area of 60 km2) are calculated. The results are presented as thematic maps in SYKE’s 
internet pages (www.environment.fi/snowcover). In addition to this, a 5km x 5km- 
grid based product also covering areas bordering Finland is released. Besides the 
thematic maps, the numerical information is delivered to the hydrological model. 
Contact person: Sari Metsämäki, Finnish Environment Institute, Tel. +358 20 490123,
Email: firstname.lastname@ymparisto.fi
5.1.5.3 
Land Cover mapping 
Pekka Härmä
Information on land cover is used in various research and monitoring programs as 
background data, for example in monitoring of land use, assessment of nutrient loads, 
hydrological monitoring and modeling of biodiversity. 
SYKE has participated in production of land cover data since the late 1980s. The 
land use of Finland was recently mapped in a national cooperation project called 
SLICES describing the situation in the year 2000. It will be updated in 2006. The data 
are based on information collected, updated and managed by different organizations. 
The National Survey of Finland is responsible for data production (see http://www.
slices.nls.fi/). In the CORINE2000 program the land cover of Europe in the year 2000 
(+/- 1 year) was mapped. SYKE produced the data covering Finland by combining 
satellite – and map information with field measurements. The European Commission 
has plans to update the information on regular basis (every 5-10 years). Land use and 
land cover information are made available as regional statistics (drainage basins, 
municipalities, ground water areas) in the Hertta environmental information system 
and as GIS data in data servers. Additionally the CORINE2000 data for Finland are 
available on the Internet (www.ymparisto.fi/syke/clc2000).
Contact person: Pekka Härmä, Finnish Environment Institute, Tel + 358 20 490123,
Email: firstname.lastname@ymparisto.fi.
5.2 
Air
5.2.1 
Deposition and air quality in background areas 
Jussi Vuorenmaa, Sirkka Leppänen
Monitoring of bulk deposition or contaminants in the air in background areas in 
Finland has been carried out by monitoring networks of the Finnish Meteorological 
Institute (FMI) and the Finnish Environment Institute (SYKE) since the beginning 
of the 1970s. The monitoring networks were integrated in 2004, resulting in an ex-
tensive monitoring network of deposition, including acidifying compounds (major 
ions), harmful substances (persistent organic pollutants, heavy metals) and nutrients 
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(fractions of N and P) measured throughout the country. The network comprises 20 
measuring stations, of which nine stations (maintained by FMI) belong to interna-
tional programs: Arctic Monitoring and Assessment Program (AMAP), Cooperative 
program for monitoring and evaluation of the long-range transmission of air pollut-
ants in Europe (EMEP), HELCOM network under the Helsinki Commission monitor-
ing the airborne pollution load to the Baltic Sea, Global Atmosphere Watch program 
of the World Meteorological Organization (WMO/GAW), and Integrated Monitoring 
(IM) investigating the whole ecosystem in small catchments.
Major cations and anions in bulk deposition are monitored at 10 stations, and nutri-
ent deposition is monitored at 14 stations. Deposition of heavy metals are monitored 
at seven stations (mercury at two stations) and persistent organic pollutants (POP) at 
two stations. In the network, FMI is responsible for measurements of major ions and 
heavy metals. In addition, measurements of POP in air and in bulk deposition, and 
heavy metals including gaseous and particulate mercury in air, are conducted at one 
station in the Pallas research area in northern Finland by the FMI in cooperation with 
the Swedish Environmental Research Institute IVL. The measurements of nutrients 
are carried out by SYKE. Moreover, deposition of POP and mercury are monitored 
at one site in southern Finland 
(Evo), and POP measurements are also conducted at one site in northern Finland 
(Pallas) by the special program of SYKE. 
The monitoring of air quality has been carried out by FMI. Sulphur and nitrogen 
in gaseous and particulate form are measured at five stations and ozone at nine sta-
tions. In addition, sulphur dioxide is measured at some stations, and samples for 
measuring low molecular weight light hydrocarbons are collected at two stations. 
At the Pallas-Sodankylä GAW station a variety of different measurements are rou-
tinely made, including greenhouse gases, black carbon, particle mass, UV radiation, 
column ozone, etc.
Contact persons: Sirkka Leppänen, Finnish Meteorological Institute, www.fmi.fi, Tel. 
+358 9 1929 5422, Email: firstname.lastname@fmi.fi, Jussi Vuorenmaa, Finnish Envi-
ronment Institute, Tel. +358 20 490123, Email: firstname.lastname@ymparisto.fi
5.2.2 
Urban air quality monitoring 
Pia Anttila
The present urban air quality monitoring network in Finland stems from the early 
1980s and its development has largely been driven by the national air quality guide-
lines which were first given in 1984 and renewed in 1996. These guidelines are still 
in operative use by the environmental permit authorities. At present there are over 
one hundred fixed monitoring stations equipped with on-line ambient air quality 
monitors in about 50 municipalities in Finland. The set of new air quality directives in 
the beginning of 2000 has induced some mainly qualitative changes to the networks, 
whereas the number of stations has not changed dramatically. 
In Finland the municipalities are responsible for air quality assessment and man-
agement in their territory; nowadays there are about 30 separate bodies running their 
own air quality networks. In a decentralized organization such as this the mainte-
nance of high quality of the measurements is a challenging task. The Finnish Meteoro-
logical Institute functions as the national reference laboratory of air quality. Its tasks 
include verification of the comparability of urban air quality measurements within 
the European Union, arrangement of national intercomparison measurements and 
provision of training and transmission of information on air quality measurement 
issues between the EU and the municipalities. 
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The need for real-time public information on air quality is highly emphasized in the 
EU legislation of the 2000s. In order to provide this information a national Air Quality 
Portal is now being constructed by the Finnish Meteorological Institute. It will be a 
free and open Internet service providing among other things real-time information 
on air quality in the Finnish cities. It is planned to be running in 2007. 
Contact person: Pia Anttila, Finnish Meteorological Institute (www.fmi.fi)
Tel.+358 50 368 6420, Email: firstname.lastname@fmi.fi
5.2.3 
Measurements of the stratosphere 
Rigel Kivi, Esko Kyrö, Tuomo Suortti, Kirsi Latola
5.2.3.1 
Ozone layer
In Finland ozone column monitoring has been carried out at the Finnish Meteorologi-
cal Institute, Arctic Research Centre (FMI-ARC), in Sodankylä (latitude 67 N) since 
1988 and at the Jokioinen meteorological observatory (latitude 60 N) since 1994 using 
Brewer spectrophotometers. At Sodankylä ozone soundings are carried out regularly 
throughout the year, whereas in Jokioinen these measurements are conducted during 
winter and spring when chemical ozone depletion is expected. At Sodankylä, the win-
tertime ozone column has also been monitored with an SAOZ spectrophotometer in 
cooperation with CNRS, Paris since 1990. SAOZ is capable of making measurements 
through the winter up to latitudes of 67° N. Multi-year ozone measurements from 
both stations have revealed wide inter-annual variations and significant ozone loss 
in several winters since the early 1990s. (http://fmiarc.fmi.fi/ozonecolumn.html).
FMI has also a strong participation in satellite-based observations that are targeted 
for monitoring ozone in the atmosphere, particularly a GOMOS instrument onboard 
the Envisat satellite, OSIRIS onboard Odin and OMI onboard EOS-Aura.
5.2.3.2 
Polar stratospheric clouds 
Polar stratospheric clouds (PSCs ) play an essential role in chemical chlorine activa-
tion and subsequent ozone depletion in the polar stratosphere (WMO, 1999). PSCs 
are observed in cold regions of the lower polar stratosphere and are generally divided 
into two types based on their optical parameters. PSCs of type II are large particles 
of primarily water ice, type 1 are typically smaller particles of mostly nitric acid 
trihydrate (HNO3 3 H2O -NAT, type Ia) or supercooled ternary solution droplets 
(HNO3/H2SO4/H2O STS, type Ib). At FMI-ARC, Sodankylä, these stratospheric 
cloud particles have been observed during stratospheric campaigns since 1991/1992 
by lidar and since 1994 by aerosol backscatter sondes. By these aerosol sonde meas-
urements, it has also been possible to monitor the stratospheric background aerosol 
concentration, which was disturbed for five years by the eruption of Mt Pinatubo in 
1991.
Sodankylä has participated in all major European stratospheric ozone campaigns, 
including EASOE in 1991/1992, SESAME in 1994/1995 , THESEO in 1998-2000 and 
VINTERSOL in 2002-2003.
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5.2.3.3 
Stratospheric water vapour
Water vapour plays a central role the radiation budget of the Earth’s atmosphere, 
forming the most important “greenhouse gas” for the natural greenhouse effect. Re-
cently assessed increases in the lower stratospheric water vapour mixing ratio over 
the last few decades are likely to have caused a decrease in stratospheric tempera-
tures by an amount comparable to that produced by ozone decreases. These changes 
also have an impact on ozone chemistry and on radiative forcing of the atmosphere. 
Presently there are two types of light-weight balloon-borne instruments capable of 
measurements of lower stratospheric water vapour that can be used for long-term 
sytematic programs started in Sodankylä: NOAA CMDL frost point hygrometer 
and FLASH-B Lyman alpha hygrometer developed by CAO. In Sodankylä the frost 
point hygrometers were first flown in 1996 and the operation has continued since 
the winter of 2002/2003. 14 FLASH_B instruments were flown in January-February 
2004 and provide a significant contribution to the dynamical study of water vapour 
variability in the edge region of the Arctic stratospheric vortex. Both process studies 
and investigation of long-term changes in the water vapour mixing ratio are expected 
to continue at Sodankylä during the coming years.
5.2.3.4 
Ultraviolet radiation
FMI has measured spectral UV irradiance since 1990 in Sodankylä (Brewer Mark II 
instrument) and since 1995 in Jokioinen (Brewer Mark III). In Sodankylä, a NILU-UV 
multi channel filter radiometer has been used to measure UV radiation since 2002. 
Recently, a new Bentham DM150 was acquired for campaign use. Dark room UV 
calibration facilities exist both in Jokioinen and Sodankylä. FMI operates an SL501 
broad band instrument network consisting of six sites: Sodankylä, Sotkamo, Tikka-
koski, Jokioinen, Helsinki and Utö. These instruments provide on-line information 
on erythemal irradiance that is published in the internet along with the UV-Index 
forecast, which includes a contour map of the local solar noon maximum clear sky 
UV Index.
The studies of biological impacts of UV-B radiation at the Finnish UV-International 
Research Centre (FUVIRC) have been enhanced by UV- B -exposure fields (forest site 
and peatland site) built at Sodankylä (http://fuvirc.oulu.fi/). Enhanced exposure 
exceeds the ambient UV-B irradiance level by 46%, corresponding to 20% loss of strat-
ospheric ozone. FUVIRC serves atmospheric chemistry, human health, and biological 
research initiatives by providing UV monitoring data, guidance (i.e. calibration of 
instruments, maintenance of field test sites), and research facilities (i.e. laboratories, 
instruments, equipment and accommodation for visiting researchers).
Contact persons: Finnish Meteorological Institute - Arctic Research Centre, Sodankylä, 
Finland, Tel. +358 16 619619, Esko Kyrö, Rigel Kivi and Tuomo Suortti
Email: firstname.lastname@fmi.fi.
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5.3 
Forests 
Martti Lindgren, John Derome, Päivi Merilä
Forest condition monitoring under the UN/ECE and EC programs. The International 
Co-operative Program on the Assessment and Monitoring of Air Pollution Effects on 
Forests (ICP Forests) was established in 1985 under the UN/ECE Convention on Long 
Range Transboundary Air Pollution (CLRTAP). In 1986 the European Union adopted 
the Scheme on the Protection of Forests against Atmospheric Pollution, and the legal 
basis for co-financing of the assessments was provided through Council Regulation 
(EEC) No. 3528/86. The monitoring activities therefore pursue the objectives of reso-
lution S1 of the Strasbourg, resolution H1 of the Helsinki, and resolution L2 of the 
Lisbon Ministerial Conference on the Protection of Forests in Europe. Since then, the 
monitoring of forest condition and development has been carried out under these 
UN/ECE and EC programs in 40 participating countries.
Under the program, large-scale extensive monitoring takes place in a network of 
over 6,000 plots arranged on a systematic grid. This Level I network provides a good 
annual picture of wide-scale trends in crown condition throughout Europe. It also 
offers the possibility to investigate large-scale relationships between stress factors and 
forest condition. Finland has been participating in this large-scale extensive monitor-
ing of forest condition since 1985.
In order to gain a better understanding of the effects of air pollution and other stress 
factors on forests, a Pan-European Program for Intensive and Continuous Monitoring 
of Forest Ecosystems (Level II) was implemented in 1995. Approximately 860 inten-
sive monitoring plots have been established throughout the participating countries. 
At these plots, intensive investigations are carried out on site and stress factors, as well 
as on the biological and chemical condition of the ecosystems. By the end of 1997, 31
intensive monitoring plots had been established in different parts of Finland.
The Finnish Forest Research Institute (Metla) is responsible for forest condition 
monitoring under the UN/ECE and EC programs in Finland. The Parkano unit is 
responsible for the task of the National Focal Centre. John Derome acts as National 
Coordinator. 
Objectives of the ICP Forests program
?? to provide a periodic overview of the spatial and temporal variation in forest 
condition in relation to anthropogenic (in particular air pollution), as well as 
natural stress factors on a European and national large-scale systematic net-
work (Level I),
?? to contribute to a better understanding of the relationships between the condi-
tion of forest ecosystems and anthropogenic (in particular air pollution), as 
well as natural stress factors through intensive monitoring at a number of 
selected permanent observation plots spread over Europe (Level II), and to 
study the development of important forest ecosystems in Europe,
?? to provide a deeper insight into the interactions between the various compo-
nents of forest ecosystems by compiling available information from related 
studies,
?? to contribute, in close cooperation with the ICP on Modelling and Mapping, 
to the calculation of critical levels/loads and their exceedences in forests, and 
to improve collaboration with other environmental monitoring programs 
inside and outside the CLRTAP,
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?? to contribute, by means of the monitoring activities, to other aspects of rel-
evance for forest policy at the national, pan-European and global levels, such 
as the effects of climate changes on forests, sustainable forest management 
and biodiversity in forests, and
?? to provide policy-makers and the general public with relevant information.
The aims of the national ICP forest monitoring program are:
?? to facilitate the implementation of international agreements ratified by Fin-
land, e.g. on sustainable forest management, by providing relevant, up-to-
date information,
?? to follow temporal variations in the vitality and nutrient status of forest trees 
and the occurrence of damaging agents and fungal diseases,
?? to follow the development of acidifying deposition in forested areas,
?? to increase our knowledge of the processes involved in the flux of carbon and 
nutrients in forest ecosystems,
?? to investigate the relationships between forest condition and different envi-
ronmental factors,
?? to develop parameters, and measurement, analysis and data interpretation 
techniques for assessing forest condition, and
?? to maintain forest condition databases, and to ensure the long-term storage of 
sample material.
Extensive monitoring of forest condition – Level I
The Finnish Forest Research Institute annually inventories tree condition, using in-
ternationally standardised methods, at a representative sample of tree stands. The 
inventory is carried out on about 600 permanent sample plots selected from the 
permanent National Forest Inventory sample plots established in 1985. A number of 
different parameters are measured on the trees. In addition, soil samples have been 
collected from all the plots, as well as needle samples for elemental analysis from a 
limited number of plots. 
Intensive and continuous monitoring of forest ecosystems – Level II
When Finland joined the European Union in 1995, some modifications were made 
to the national monitoring of forest condition (Level I) and, at the same time, the 
intensive monitoring of forest ecosystems (Level II) was also started. 
Observation network
By 1997, 31 intensive monitoring plots had been established in different parts of the 
country, 27 of the plots on mineral soil sites and 4 on peatlands. 16 of the plots have 
stands comprising Scots pine, 13 Norway spruce, and two Birch. All the plots, except 
the four Integrated Monitoring (IM) plots, are located in commercially exploited for-
ests. The IM plots represent natural stands in catchment areas. A number of the plots 
are located close to background, air quality monitoring stations primarily run by the 
Finnish Meteorological Institute. 
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Monitoring activities at Level II plots     
Survey No of plots Frequency of assessments
Crown Condition 31 Annual
Soil condition 31 Every 10 years  
Needle chemistry 31 Every 2 years  
Tree growth 31 Every 5 years
Stem diameter growth 12 Hourly
Deposition 17 Every 4 weeks,  but every 2 weeks during summer
Soil solution
- gravity lysimeters
- suction-cup lysimeters
17
Every 2 weeks during the snowfree period
Every 2 weeks during the snowfree period
Litterfall 13 Every 2 weeks
Phenology 9 Three times a week during the growing season   
Air quality (passive sampler)
(O3, SO2, NOx, NH4)
5 Every 4 week during the snowfree period
Meteorology
- air temperature
- relative humidity
- soil temperature
- precipitation
- wind speed
- wind direction
- PAR
- solar radiation
- soil frost 
12
Hourly
Hourly
Hourly
Hourly
Hourly
Hourly
Hourly
Hourly
Hourly
Under-storey vegetation 31 Every 5th year
    
The Forest Focus Program
Following the termination of the EU regulation concerning the monitoring of forest 
condition in Europe at the end of 2001, the Commission submitted a new regulation 
under the name “Forest Focus” to the European Parliament and Council in July 2002. 
The aim of the new regulation is to combine the two old regulations, one of which 
concerned forest fires and the other the effects of air pollutants on forest condition. 
The Forest Focus program also includes the monitoring of a number of new param-
eters - carbon sequestration, climate change, biodiversity and the protective role of 
the forests. The program is in force for two 2-year periods (2003 – 2006), and was 
approved by the Environment Council in March 2003.
Contact persons: National co-ordinator John Derome, Finnish Forest Research Institute, 
Parkano Research Unit, Kaironiementie 54, 39700 Parkano, Tel . +358 10 211 4452.
Level I, Martti Lindgren, Finnish Forest Research Institute, Vantaa Research Unit, 
Jokiniemenkuja 1 01301 Vantaa, Tel. +358 10 211 2357.
Level II Päivi Merilä, Finnish Forest Research Institute, Parkano Research Unit, 
Kaironiementie 54, 39700 Parkano, Tel . +358 10 211 4061. 
Email: firstname.lastname@metla.fi.
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5.4 
Biodiversity 
5.4.1 
Monitoring of biodiversity in Finland 
Ulla-Maija Liukko
Currently 57 national biodiversity monitoring schemes or other monitoring projects 
provide data concerning biodiversity in Finland. This monitoring work involves 
seven governmental research institutes: the Finnish Museum of Natural History of 
the University of Helsinki (LTKM), Agrifood Research Finland (MTT), Metsähallitus 
(MH), the Finnish Forest Research Institute (Metla), the Finnish Institute of Marine 
Research (FIMR), the Finnish Game and Fisheries Research Institute (FGFRI) and the 
Finnish Environment Institute (SYKE). Other organizations participating in monitor-
ing include the Regional Environment Centres, BirdLife Finland (BL), WWF Finland, 
the Finnish Lepidopterists’ Society, and the South Karelia Allergy and Environment 
Institute. Monitoring schemes may be carried out by a single organization alone or 
jointly. In many of these schemes the role of voluntary workers is considerable.
Monitoring objectives are based mainly on the Convention on Biological Diversity 
(Rio 1992), the EU Habitats Directive, the EU Birds Directive and the Finnish Nature 
Conservation Act. Finland should also be able to monitor and evaluate progress to-
wards the EU 2010 biodiversity target (halting the decline of biodiversity). Monitoring 
in this context refers to continuous or regular collection, evaluation and reporting of 
data related to biodiversity. The object to be monitored may be any level or element 
of biodiversity, such as ecosystem, habitat, species, community, gene-pool of genes. 
Data can be collected on the abundance, distribution or viability of subjects, or other 
aspects related to biodiversity. The aim is to monitor natural or anthropogenic changes 
in order to preserve biodiversity and ensure that biological resources are used in a 
sustainable way. 
5.4.2 
Proposal for a national monitoring system of biodiversity 
Ulla-Maija Liukko
The National Action Plan for Biodiversity in Finland 1997-2005 specified that a na-
tional network should be set up to monitor the state of biodiversity and the allocation 
of expenses, and a related system of national and international reporting should be 
defined. The Biodiversity Expert Group for Research, Monitoring and Data Systems 
made a proposal for a nationwide monitoring programme in 2005. The monitoring 
programme should be implemented in cooperation between different organizations. 
The expert group suggested that a Coordination Group should be established to im-
plement and develop the monitoring programme as well as to coordinate the report-
ing and the cooperation. Development of data management and the integrated use of 
data systems will be a challenging part of the programme. Those monitoring activities 
which the expert group has identified as suitable as such or with some modifications, 
will form the base of the monitoring programme. New complementary monitoring 
schemes will also be needed. The proposed programme is divided into two sections: 
general monitoring and specific monitoring.
General monitoring will involve the collection of data on basic elements of the bio-
diversity of forests, peat lands, arctic fells, marine and coastal habitats, inland waters 
and agricultural habitats covering changes in the state of biodiversity at the species, 
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habitat and landscape levels. Implementation of biodiversity indicators will be one 
part of this activity. Specific monitoring will focus on nationally or internationally rare 
or endangered species and habitat types. Such monitoring data is required e.g. for the 
planning of conservation measures and the evaluation of protection schemes. Specific 
monitoring is also legally required by various laws and international agreements such 
as EU Directives and national legislation (threatened species). 
5.4.3 
General monitoring schemes 
Ulla-Maija Liukko
The existing 23 monitoring schemes reflect the tasks, needs and interests of their host 
institutions. In order to cover the whole variety of biodiversity on all of its levels in 
a balanced way, numerous additions are needed. The most crucial of these ones are: 
biotope monitoring in terrestrial habitats and landscape monitoring. The monitoring 
of species is rather biased: birds are over-represented, whereas the functionally impor-
tant soil organisms are not monitored in any environment. No monitoring activities 
exist for arctic fells, open mires or urban environments. Genetic diversity of several 
species has been studied, but hitherto no monitoring has been started.
The organizations currently mainly responsible for the monitoring schemes are 
shown in brackets. Abbreviations are presented in 5.4.1 and in the Appendix.
• National forest inventory; forest resources inventory (Metla)
• National forest inventory; monitoring of forest health (Metla)       
• Census of breeding land birds (long-term changes) (LTKM)       
• Census of breeding land birds (annual changes) (LTKM)       
• Raptor scheme (LTKM)  
• The wildlife triangle scheme (FGFRI)    
• National moth monitoring scheme (Environmental administration)     
• Weed survey in spring cereal fields (MTT)      
• The butterfly monitoring scheme in Finnish agricultural landscapes (SYKE)        
• Insect survey (LTKM)  
• The survey of Finnish herpetofauna (The Finnish herpetological atlas) (LTKM)         
• Bird ringing (LTKM)  
• Winter bird census (LTKM)   
• Census of breeding waterfowl (LTKM, FGFRI)     
• Archipelago bird census (FGFRI)   
• Census of bird migration (BL)    
• Monitoring of economically important fish stocks (The Atlas of Finnish fish)           
(FGFRI)
• Coastal fish monitoring in the northern Baltic Proper (FGFRI)        
• Biomonitoring of lakes (phytoplankton, zooplankton, macrozoobenthos)      
(SYKE)
• Monitoring of the coastal phytobenthos (SYKE)     
• Monitoring of phytoplankton in the Baltic Sea (FIMR)       
• Monitoring of zooplankton in the Baltic Sea (FIMR)       
• Monitoring of macrozoobenthos in the Baltic Sea (FIMR)       
44 The Finnish Environment  26 | 2006
5.4.4 
Specific monitoring schemes
Ulla-Maija Liukko
Finland has 25 existing monitoring schemes for threatened and otherwise impacted 
species. There are also several habitat types included in the EU Habitats directive and 
national legislation but which are not yet monitored. 
Species that are monitored by on-going monitoring schemes are listed below: 
Large carnivores (lynx, wolf, wolverine, bear)
Arctic fox (Alopex lagopus)
Saimaa seal (Phoca hispida saimenensis)
Ringed seal (Phoca hispida baltica)
Grey seal (Halichoerus grypus)
European beaver (Castor fiber)
Wild forest reindeer (Rangifer tarandus fennicus)
Osprey ( Pandion haliaetus)
White-tailed eagle (Haliaeetus albicilla)
Golden eagle (Aquila chrysaetos)
Gyr falcon (Falco rusticolus)
Peregrine (Falco peregrinus)
Caspian tern (Sterna caspia)
Lesser white-fronted goose (Anser erythropus)
White-backed woodpecker (Dendrocopos leucotos)
Faunistic survey of rare birds (about 30 species)
Salmon and trout (Salmo salar, S. trutta)
Freshwater pearl mussel (Margaritifera margaritifera)
Vascular plants (30 species)
Threatened insects (about 70 species)
The Finnish Environment Institute (SYKE) is hosting a data system for species ob-
servations. The scope of the species is firstly threatened species and secondly those 
species for which there is another legal obligation for monitoring. The field work and 
inputting is provided by a number of institutions: SYKE itself, the regional environ-
ment centres and Metsähallitus. 
Contact person: Ulla-Maija Liukko, Finnish Environment Institute, Tel. +358 20 490123. 
Email: firstname.lastname@ymparisto.fi
5.4.5 
Monitoring programs of the Finnish Museum of Natural History
5.4.5.1
Biological monitoring programs 
Juhani Lokki
The Finnish Museum of Natural History is responsible for 18 nationwide biological 
monitoring programs. Each program comprises continuous and regular quantitative 
research using standardized methods. Data are collected mostly by voluntary ama-
teur biologists. Data can be used for ecological research and for other purposes, e.g. 
conservation of plants and animals. 
45The Finnish Environment  26 | 2006
The Finnish Natural History Museum consists of four different departments. Moni-
toring projects are arranged by the Botanical Museum (Finnish plant atlas) and the 
Zoological Museum (vertebrates 13, invertebrates 4 monitoring programs). The Ring-
ing Centre works within the Zoological Museum. It is responsible for the supervising 
of bird ringing in Finland, and for the collecting and studying of ring recoveries.
Most monitoring projects were started in the 1980s. The oldest are Phenological 
Monitoring (started in 1846), Bird Ringing (1913), Nest Record Card Study (1954) 
and Winter Bird Census (1955). A total of 11 monitoring projects are included in the 
Finnish Bird monitoring program. This program covers the most important environ-
ment types and population ecology of various bird groups. In addition to birds there 
are three monitoring programs for insects, one for molluscs, one for amphibians and 
reptiles and one for plants. Phenological Monitoring includes certain animal and plant 
species which are common and widespread in Finland.
5.4.5.2 
Phenological monitoring of the Finnish wildlife 
Juhani Terhivuo
The Zoological Museum in the Finnish Museum of Natural History collects dates for 
the onset of events that are related to different phases of the annual lifecycle in numer-
ous animal and plant species of Finland. The project relies on voluntary observers 
interested in Finnish wildlife. The Zoological Museum compiles the observations and 
also prepares an annual summary report. The other collaborators of the project are 
the Finnish Forest Research Institute, the Department of Forest Ecology (University 
of Helsinki) and Nature League (Luonto-Liitto in Finnish). Observations are located 
in the 10x10 km squares of the Finnish Uniform Grid (grid 27o E) system and they are 
saved in an electronic database. 
The first systematically organized phenological inquiry was undertaken by the 
Finnish Society of Sciences and Letters as early as 1846. Since then it has been repeated 
annually. From the early 1960s onwards the Zoological Museum has carried out the 
inquiry in cooperation with the Finnish Society of Sciences and Letters. Today more 
than 100 volunteers make observations in the field every year and the number of their 
observations varies between 7000 and 8000.
Contact person: Juhani Terhivuo, Zoological Museum, Finnish Museum of Natural 
History, Tel. + 358 9 191 44215, Email: firstname.lastname@helsinki.fi
5.4.5.3 
Bird ringing in Finland
Jari Valkama
Ringing of birds was initiated in Finland in 1913. In the beginning, the yearly ring-
ing numbers increased slowly. It was not until the 1930s that yearly totals of over 
10,000 individuals were reached, and 100,000 ringings were achieved in 1939. During 
the war the number of ringings plunged, as ringers found themselves in a different 
position. Shortly after the wars the enthusiasm for ringing grew at a rapid rate, with 
a total of one million ringed birds being exceeded in 1966, three million in 1978 and 
five in June 1988. During the last twenty years 180,000 - 260,000 birds per year have 
been ringed in Finland. Of these, nestlings present some 40%. In all, approximately 
9 million birds have been marked with an individual ring in Finland between 1913
and 2005. In the statistics for the entire period the most commonly ringed birds are: 
Great Tit, Pied Flycatcher, Willow Warbler, Goldcrest, Blue Tit, Robin, Black-headed 
Gull, Sedge Warbler, Redpoll and Barn Swallow. 
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In 2004, the Ringing Centre processed a total of 48,530 recovery and recapture 
reports of Finnish rings. The grand total of recoveries filed in the database for the 
years 1913-2004 was over 875,000 at the end of 2004. The majority of recoveries of 
birds ringed in Finland come from Finland. Some 20% of the recoveries defined as 
“interesting” are reported from abroad. However, only 11% of all recoveries included 
in the database are foreign.
Contact person: Jari Valkama, Ringing Centre, Finnish Museum of Natural History, 
Tel. + 358 9 191 28849, Email: firstname.lastname@helsinki.fi
5.4.5.4 
Monitoring study on the Osprey 
Pertti Saurola
In 1971, Finnish ringers made the Osprey a target for a special monitoring study, after 
which almost all Osprey nest sites reported to the Zoological Museum (an estimated 
90 % of them) have been checked on a yearly basis. In 2004, 1,531 nest sites were 
checked, and 926 territories proved to be occupied. In addition to checking nest sites 
and ringing nestlings ringers have made observations on fishing grounds and prey 
fish of the Ospreys. Ringers have also collected unhatched eggs and dead nestlings 
found in the nests for toxicology analyses.
Lack of nest trees - in addition to environmental pollutants and persecution – has 
been found to be a serious threat to the Osprey population in Finland. The only means 
of trying to ward off this threat factor brought on by intense forestry is to build ar-
tificial nesting sites, a project to which Osprey ringers have devoted much time and 
money. Today, nearly half of the known Finnish Osprey pairs nest in artificial nests. 
Due to the effective building of artificial nesting sites, a decline in persecution dur-
ing migration and lightening of the toxic load the recent development of the Finnish 
Osprey population has been favourable: the average breeding success has been good 
and the population has increased slightly year by year. Migration and wintering of 
Finnish Ospreys have also been mapped with the help of satellite tracking.
Contact person: Pertti Saurola, Ringing Centre, Finnish Museum of Natural History, 
Tel. + 358 9 191 28850, Email: firstname.lastname@helsinki.fi
5.4.5.5 
Monitoring birds of prey 
Pertti Saurola
The nationwide monitoring study on birds of prey, conducted in unison with the 
Ringing Centre and the Ministry of the Environment, started in 1982. Populations of 
birds of prey are studied in 10 km x 10 km raptor grid squares based on the National 
Grid and spread over the country. The aim is to find all nests - or at least all occupied 
territories of the birds of prey in the squares. From 1986, the monitoring was made 
more effective by starting to gather all information from the ringers on the nest sites 
checked and nests found outside the squares as well. One of the important aims of the 
project is to obtain information on nest sites, breeding performance and population 
trends needed for the protection of birds of prey. The species included in the program 
consist of all species of birds of prey except the Golden Eagle, the White-tailed Eagle, 
the Peregrine and the Osprey, all of which have their own monitoring programs. In 
2004, 129 raptor grid squares (130 in 2003) were studied and altogether approx. 45,400 
birds of prey territories (46,010 in 2003) were checked in Finland.
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The data collected hitherto show that none of the population of our birds of prey 
are currently in steep decline. However, birds of prey are important indicators of the 
state of the environment in many ways, because they are at the top of food chains. 
Thus, many environmental changes are soon reflected in bird of prey populations. 
Indeed, the threats caused by mercury and chlorinated hydrocarbons were discovered 
from the increasing amount of breeding failures of birds of prey.
Contact person: Pertti Saurola, F Ringing Centre, Finnish Museum of Natural History, 
Tel. + 358 9 191 28850, Email: firstname.lastname@helsinki.fi
5.4.5.6 
Constant Effort Ringing in Finland 
Jari Valkama
The Constant Effort Sites (CES) ringing program, aimed at net ringers, uses catches 
from standardized mist-netting to monitor our most common breeding songbirds. The 
CES provides a measure for the changes in population size of abundant CES species, 
and supplements the view given by line transects and point counts. It also provides 
valuable information about breeding success after the nestling stage. Other monitor-
ing programs do not measure this. In addition, recaptures from adult birds can be 
used in estimating mortality. In practice, CES works as follows: the ringer erects the 
standard number of nets, in standard positions, all chosen personally, on twelve days 
evenly spread between early May and late August. Everyone can choose their own 
capture routines, which should however be followed from one year to the next.
The CES concept was brought in 1986 as such from Great Britain to Finland. The 
Constant Effort Sites were started in Great Britain in 1981, and today birds are ringed 
there at more than 130 catch sites within the program. In addition to the Finnish 
program, similar capture programs have been started in France, the Netherlands 
and Sweden. The corresponding North American MAPS monitoring study already 
includes more than 400 catch sites. It is the goal of EURING to expand CES so that 
it would cover all of Europe. In 2004, CES was running at 27 sites in Finland. The 
catch sites were situated in 23 different municipalities, and 38 ringers took part in 
this project.
Contact person: Jari Valkama, Ringing Centre, Finnish Museum of Natural History, 
Tel. + 358 9 191 28849, Email: firstname.lastname@helsinki.fi
5.4.5.7 
Atlas of amphibians and reptiles in Finland 
Juhani Terhivuo
The distribution and status of populations of amphibian and reptile species of Finland 
are monitored through inquiries published in newspapers and nature magazines as 
well as in the Internet and in connection with the monitoring of phenological events 
in the Finnish wildlife. Observations are located to the 10x10 km squares of the Finn-
ish Uniform Grid (grid 27o E) system and are saved as an electronic database. The 
greatest emphasis on observations referring to the period from 1992 onwards. The 
annual contribution of observations is about 250. 
The first inquiry was launched in the early 1970s. It was repeated during the 1980s 
and early 1990s and the results were published in 1993. More than 13 000 observers 
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have contributed to the data set, which currently includes more than 30 000 observa-
tions.
The Finnish herpetological atlas is part of the atlas survey of the amphibians and 
reptiles of Europe run by the Societas Europaea Herpetologica and Museum National 
D’Histoire Naturelle (Paris)
Contact person: Juhani Terhivuo, Zoological Museum, Finnish Museum of Natural 
History, Tel. + 358 9 191 44215, Email: firstname.lastname@helsinki.fi
5.4.5.8 
Atlas of the distribution of vascular plants in Finland 
Raino Lampinen
The atlas is a periodically updated electronic publication based on the database 
KASTIKKA maintained by the Botanical Museum of the Finnish Museum of Natu-
ral History. The database, comprising 4.3 million records in autumn 2005, combines 
the floristic records from the specimens of several Finnish herbariums, botanical 
literature and unpublished field notes. The atlas shows the distribution in Finland 
of all native plants and established aliens, as well as the ranges of the most common 
casual aliens as 10-km grid square dot maps, as colour scaled maps indicating the 
regional frequency estimates, or as combinations of dot and frequency estimates. The 
frequency estimates are interpolated from the results of an intensive survey of 1 km 
grid squares continued since 1985. Hitherto over 5500 1 km squares from some 1200 
different 10 km squares have been thoroughly studied. 
Contact person: Raino Lampinen, Botanical Museum, Finnish Museum of Natural 
History, Tel. + 358 9 191 24429, Email: firstname.lastname@helsinki.fi
5.5 
Radioactive substances 
Ritva Saxen 
5.5.1 
Institutions involved
Surveillance of environmental radioactivity in Finland is one of the official obliga-
tions of the Radiation and Nuclear Safety Authority (STUK). The obligation is based 
on both national and EU legislation. The Finnish radiation protection legislation 
appoints STUK as the national authority responsible for surveillance of environ-
mental radioactivity. The EURATOM treaty requires member countries to carry out 
continuous monitoring of radioactivity in the air, water and soil and to report annual 
monitoring results to the commission. The Finnish Meteorological Institute and the 
Defence Forces also monitor environmental radiation at their own stations. Results 
of the monitoring program are published annually in the publication series of STUK 
in Finnish, Swedish and English. The report is available at the home pages of STUK 
www.stuk.fi.
The contact person for radiation monitoring at Radiation and Nuclear Safety Au-
thority, STUK, is Raimo Mustonen, Email: firstname.lastname@stuk.fi
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5.5.2 
Monitoring of external radiation and airborne 
and deposited radioactive substances 
The first sign of a possible change in the radiation situation is obtained from the meas-
urements of external radiation and/or of radionuclides in outdoor air. The automatic 
network monitoring external dose rate includes about 300 continuously measuring 
automatic stations. Sampling of outdoor air and wet plus dry deposition is carried 
out continuously at nine stations in Finland. Air samples are analysed twice a week 
and deposition samples monthly. All the samples are analysed for gamma-emitting 
radionuclides, some also for radiostrontium. The Finnish Meteorological Institute 
monitors gross beta activity of ground-level air at eleven stations.
5.5.3 
Monitoring of surface water, milk, daily meals and drinking water
Water samples from three large rivers discharging from Finland to the Baltic Sea are 
taken four times a year for monitoring purposes. Regional Environmental Centres 
take the samples for STUK. The samples are analysed for gamma-emitting radionu-
clides and radiostrontium.
Milk from dairies at five sites is sampled weekly. The samples are bulked monthly 
before analysing. Daily meals are taken from three sites twice a year. Drinking water is 
sampled simultaneously with the meal samples at the same sites. Samples of drinking 
water from two water supply plants using surface water as raw water are taken twice 
a year. The samples are analysed for gamma-emitters and 90Sr, drinking water also 
for 3H. Samples of commercial natural produce, such as fish and wild mushrooms, 
from three sites are analysed for gamma-emitting radionuclides.
5.5.4 
Radioactivity in humans
People at three sites are monitored regularly for radionuclides once a year. Groups 
of people of various ages are chosen for the measurements. Activity concentrations 
of gamma-emitters are measured with equipment constructed specially for this pur-
pose.
5.5.5 
Radioactivity in the Baltic Sea
The Helsinki Commission (HELCOM) coordinates the international cooperation for 
monitoring of the Baltic Sea. All the Baltic Sea countries contribute to the monitoring 
with their own national programs. The Finnish contribution consists of about 120 
annual samples from seawater, bottom sediments, fish and other biota, analysis of 
radioactive substances and reporting of the results to the HELCOM database. STUK 
is responsible for the Finnish part of the program.
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5.6 
Harmful substances 
5.6.1
Role of the Finnish Environment Institute 
Jaakko Mannio
The Finnish Environment Institute (SYKE) performs monitoring of harmful substanc-
es mainly in aquatic and terrestrial environments. A main objective of the monitoring 
is to determine and measure concentrations, enrichment and effects of anthropogenic, 
persistent organic pollutants and heavy metals in selected organisms of the food 
chain. Some organisms and tissues are stored in the environment specimen bank (ESB) 
for retrospective monitoring of unknown chemical properties. New compounds have 
been screened and will be included in the monitoring programs, according to the EU 
Water Framework Directive, international conventions and national needs. A national 
working group with participants from research institutes has been established to 
develop the monitoring of harmful substances.
5.6.2 
Monitoring of bioaccumulating compounds in inland and coastal waters 
Tarja Nakari
The aim of the project is to quantify concentrations of bioaccumulating harmful com-
pounds in fish and bivalves caught from inland and coastal waters (20 stations), and 
to elucidate the effects of these compounds on the water ecosystem and human expo-
sure. Sediments and sedimentation (2 stations) will be screened in the same locations. 
Substances to be assayed include heavy metals, PCPs, DDTs, HCHs, HBS, chlordanes, 
dioxins and furans, brominated flame retardants and organotin compounds.
Contact persons in the Finnish Environment Institute, Tel. +358 20 490123,
Tarja Nakari and Jaakko Mannio, Email: firstname.lastname@ymparisto.fi.
5.6.3 
Sea areas 
Maria Laamanen
The Finnish Institute of Marine Research (FIMR) is responsible for monitoring of 
heavy metals (lead, cadmium, mercury, copper and zinc), PCB-compounds (CBs: 28, 
52, 101, 118, 153, 138 and 180), DDT-compounds (DDTs: p,p’-DDT, p,p’-DDD, p,p’-
DDE) and some other chlorinated hydrocarbons (HCB, a-HCH ja g-HCH) according 
to the HELCOM guidelines. These substances are monitored in herring tissues once 
a year. The Finnish Game and Fisheries Research Institute catches herrings from five 
stations in the Gulf of Bothnia (2 stations), the Gulf of Finland (2 stations) and the 
Åland Sea and determines the age of the fishes. 
Additionally the FIMR has monitored total dissolved petroleum oil in sea water 
once a year. 
Contact persons: Finnish Institute of Marine Research: Matti Perttilä, Tel. +358 9 
61394510, Hannu Haahti (chlorinated hydrocarbons), Tel. +358 9 61394517, Mirja 
Leivuori (heavy metals), Tel. +358 0 61394524, Email:     firstname.lastname@fimr.fi.
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5.6.4 
Use of mussel incubation in the monitoring of harmful substances 
in receiving water bodies of the pulp and paper industry 
Sirpa Herve
The aim of the project is to monitor the concentrations of organic compounds originat-
ing from the pulp and paper industry, especially from pulp bleaching processes. This 
method, based on the incubation of common mussels, has been used since 1984 in 
the freshwater receiving water bodies of the pulp industry. The methodology and the 
results of this program have been presented in several international publications. The 
concentrations of chlorophenolics have decreased significantly from the high values 
of the 1980s to very low levels at present. However, a rather worrying phenomenon 
is the detection of PCBs and DDTs in some industrial recipient water bodies. This 
monitoring provides good information concerning the rate of recovery in old, heavily 
polluted water bodies. The monitoring results can be used in assessing the chemical 
status of water bodies close to pulp and paper industry. 
Contact person: Sirpa Herve, Central Finland Regional Environment Centre, Tel. +358-
14-697 251, GSM +358-40-5135 127, Email: firstname.lastname@ymparisto.fi
5.6.5 
Terrestrial environment 
Juha-Pekka Hirvi
The Finnish Environment Institute (SYKE) collects data on concentrations and ac-
cumulation of harmful substances in selected key species in the boreal forest food 
chain. The studied animals are red woodants (Formica sp.), common shrew (Sorex 
araneus) and moose (Alces alces L.). Additionally, harmful substances are monitored in 
the humus layer. Monitoring is focused in background areas in Evo (South Finland) 
and Pallas (North Finland). These areas serve as international stations for monitoring 
of pollutants and are therefore subjected to versatile research (ICP IM, ICP FOREST, 
AMAP). The main sources of pollution in the areas are airborne contaminants such 
as organochlorine pesticides (OCPs), and polychlorinated biphenyls (PCBs) and trace 
metals (Cd, As, Pb, Hg, Pt, Pd), which are monitored in the food chains. Monitor-
ing will be adjusted according to screening results of novel contaminants (priority 
substances). Monitoring data is stored in the LIMS-system of the environmental 
authorities.
Contact person: Juha-Pekka Hirvi, Finnish Environment Institute, Tel. + 358 20 490123,
Email: firstname.lastname@ymparisto.fi.
5.6.6 
Environmental specimen bank 
Juha-Pekka Hirvi, Tarja Nakari
The Finnish Environment Institute (SYKE) is coordinates and participates in moni-
toring of harmful substances in aquatic and terrestrial environments. In connection 
to this monitoring work a selection of animal species and tissues are stored in the 
Environmental Specimen Bank for retrospective studies of unknown chemical prop-
erties in future. Furthermore, some small mammals and insects stored whole can be 
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used for specific studies e.g. on morphological characters, abnormalities, fluctuating 
asymmetry and melanism in relation to levels of contaminants in a species itself or 
its living environment. 
Faunal species and their tissues are stored in different forms, frozen at -196° C 
(pike muscle),  at -75?C (moose liver and muscle) and at -25?C (shrews, red woodants, 
moths) and freeze-dried (moose kidney). The specimens originate from those fauna 
samples, which are annually collected for national monitoring of harmful substances. 
More exceptional (rare) samples are tissues from individuals of wolf, lynx and brown 
bear, which were legally hunted or found dead or accidentally killed and distributed 
for further investigation to the Finnish Game and Fisheries Research Institute in the 
period 2003-2005. Tissue samples of pine marten, red fox and raccoon dog and some 
other smaller predators are also stored in the ESB. SYKE will cooperate with the 
Finnish Forest Research Institute (Metla) and the Finnish Museum of Natural His-
tory for development ofa national database (register) of samples stored in the ESBs 
in Finland. SYKE has participated in the ad hoc working group of the Nordic ESB 
since the1980s.
Contact persons: Finnish Environment Institute, Tel. +358 20 490123, Juha-Pekka Hirvi 
and Tarja Nakari, Email: firstname.lastname@ymparisto.fi.
5.6.7 
Monitoring of heavy metal and nitrogen deposition by means of mosses 
Juha Piispanen, Jarmo Poikolainen, Eero Kubin
A national survey based on moss samples (Hylocomium splendens, Pleurozium schreberi)
has been conducted in Finland four times (1985, 1990, 1995, 2000). The next survey 
will be completed in 2006, and it is part of the Pan-European network coordinated 
by the UN/ECE ICP Vegetation Program. The objectives of the survey are to study 
heavy metal and nitrogen deposition patterns in Finland and to identify the major 
emission sources and changes in their emissions. 
Concentrations of eight elements (Cd, Cr, Cu, Fe, Ni, Pb, V and Zn) have been de-
termined in moss samples since 1985 and arsenic and mercury since 1995. Nitrogen 
concentration is also analyzed in the pan-European surveys of 2005-2006. Nitrogen 
has been analyzed in Finland since 1990. Moss samples are collected in 2005-2006 from 
the same plots of the Finnish National Forest Inventory as during the earlier surveys. 
The laboratory of Muhos (Metla), the Central Laboratory (Metla) and the Chemistry 
Department of the University of Oulu are responsible for the chemical analyses. 
The results of the Finnish survey will be completed and reported during 2007. After 
analysis, the remaining samples will be stored at the Paljakka Environmental Speci-
men Bank (Metla) for future research purposes.
Contact persons: Finnish Forest Research Institute (Metla), Muhos Research Unit, Kirk-
kosaarentie 7, 91500 Muhos, Juha Piispanen, Tel. +358 10 211 3720, Jarmo Poikolainen, 
Tel. +358 10 211 3753, Eero Kubin, Tel. +358 10 211 3710,   
Email: firstname.lastname@metla.fi.
More information: http://www.metla.fi/metinfo/metsienterveys/raskasmetalli/
53The Finnish Environment  26 | 2006
5.7 
Integrated environmental monitoring 
Jussi Vuorenmaa
Integrated monitoring of ecosystems means physical, chemical and biological meas-
urements over time of different ecosystem compartments simultaneously at the same 
location. The multi-disciplinary Integrated Monitoring program (ICP IM) is part of 
the effect-oriented activities under the 1979 Convention on Long-range Transbound-
ary Air Pollution (LRTAP), which covers the region of the United Nations Economic 
Commission for Europe (UNECE). It belongs to a group of six specialist International 
Cooperative Programs (ICPs) which have been set up under the LRTAP Convention’s 
Working Group on Effects to look at relevant receptors and environmental issues. 
The main aim of ICP IM is to provide a framework to observe and understand the 
complex changes occurring in natural/semi-natural ecosystems. At present 19 coun-
tries participate in the ICP IM program. The international Program Centre is located 
at the Finnish Environment Institute (SYKE). The Program Centre collects, stores, 
processes and analyses the data and is responsible for the cooperation with other 
related programs.
The ICP IM Program has been carried out in Finland since 1987 at four monitoring 
areas. It is one of the most intensive ecological cooperation programs ever conducted 
in Finland. Most of the Finnish research institutes and universities involved in envi-
ronmental research and several regional authorities have participated in the ICP IM 
Program. At present the program is carried out in the Valkea-Kotinen, Hietajärvi and 
Pallas areas. The Finnish ICP IM Program is coordinated by an expert group consist-
ing of experts from the participating institutes. 
Contact person: Finnish Environment Institute, Tel. +358 20 490123
Jussi Vuorenmaa Email: firstname.lastname@ymparisto.fi,
Additional information: www.environment.fi/syke/im
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6   Water and health 
6.1 
Drinking water 
Outi Zacheus
Frequent monitoring of the quality of drinking water was begun as a result of the 
Public Health Act in 1968. Today the regulations concerning the quality and monitor-
ing of drinking water are included in the Health Protection Act 763/1994. Municipal 
health protection authorities are responsible for taking care of the quality surveillance 
of drinking water according to the regulations set by the Ministry of Social Affairs and 
Health. These regulations are included in the Decree of the Ministry of Social Affairs 
and Health 461/2000. This Decree is based on the Council Directive 98/83/EC on the 
quality of water intended for human consumption. The basic purpose of the Decree is 
the protection of human health and it is applied to drinking water that is supplied at 
least 10 m3 a day or for the use of at least 50 people. Regulations concerning smaller 
production units are included in another Decree of the Ministry of Social Affairs and 
Health (401/2001).
Municipal health protection authorities take care of the frequent quality surveil-
lance of drinking water. Monitoring results of large water suppliers distributing at 
least 1 000 m3 water per day or serving at least 5 000 consumers are submitted to the 
European Commission at three-year intervals. Municipal health protection authorities 
send the results to the Provincial State Office to be forwarded to the National Public 
Health Institute, which draws up a report to the European Commission. Results are 
also published nationally on the web page of the National Product Control Agency 
for Welfare and Health.
Contact person: Outi Zacheus, National Public Health Institute, Tel. +358 17 201 374,
Email: firstname.lastname@ktl.fi
6.2 
Waterborne outbreaks caused by drinking water 
Ilkka Miettinen
By virtue of the Health Protection Act 763/1994, municipal health protection au-
thorities can issue instructions on the treatment and use of drinking water to prevent 
harmful health effects. Since 1997, municipal health protection authorities are obliged 
to report all suspected waterborne outbreaks to the National Public Health Institute, 
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which then gives expert help when needed in solving the outbreak. The final reports 
on waterborne outbreaks are sent to the National Food Agency, which annually pub-
lishes a national report on foodborne and waterborne outbreaks in Finland.
Contact person: Ilkka Miettinen, National Public Health Institute, 
Tel. + 358 17 201 371, Email: firstname.lastname@ktl.fi
6.3 
Bathing waters 
Outi Zacheus
In Finland, the quality of public bathing water has been monitored since the 1970s. 
Nowadays, by virtue of the Health Protection Act 763/1994, municipal health protec-
tion authorities are responsible for the frequent monitoring of bathing water. Monitor-
ing of bathing water is carried out according to the Decisions of the Ministry of Social 
Affairs and Health 292/1996 and 41/1999, which are based on the regulations set in 
the Council Directive 76/160/EEC. The basic purpose of the Decisions is protection 
of human health. 
The new bathing water directive approved in January 2006 will change the moni-
toring and quality requirements of bathing water. The aim of the new directive is to 
protect human health by taking adequate management measures to prevent expo-
sure to pollution of bathers. The new bathing water directive complements the EU 
Water Framework Directive 2000/60/EC. Surveillance information gathered by the 
directive 2000/60/EC will be used in the assessment of pollution sources probably 
affecting the quality of bathing water. New legislation will be nationally adopted by 
the year 2008.
Today in Finland there are around 400 large public bathing areas having at least 
100 visitors per day. The microbiological, physico-chemical and organoleptic quality 
of bathing water is frequently monitored during the bathing season. Municipal health 
protection authorities send the results to the Provincial State Office which checks and 
forwards them to the National Public Health Institute, which draws up a report to the 
European Commission at the end of each year. The Commission publishes an annual 
summary report on bathing water quality in the Community (http://europa.eu.int/
water/water-bathing/index_en.html). The new directive will change the content of 
the annual national report submitted to the European Commission.
In addition to these large bathing areas there are around 2 000 small public bath-
ing areas in Finland where the quality of water is frequently monitored by municipal 
health protection authorities. These monitoring results are not reported to the Euro-
pean Commission. 
Contact person: Outi Zacheus, National Public Health Institute, Tel. +358 17 201 374,
Email: firstname.lastname@ktl.fi
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6.4 
Algal blooms 
Liisa Lepistö
Data concerning algal blooms have been collected by the Environmental Adminis-
tration since 1967. Since 1992 the data have been stored in a special data base of the 
Finnish Environment Institute (SYKE). The algal data are based on samples taken 
by authorities and by private individuals worried about the quality of waters. The 
massive algal blooms that occurred in 1997 aroused particular interest in blue-green 
algae (cyanobacteria). In 1998, therefore, a new nationwide algal observation net-
work with some 300 observation sites representing rivers, lakes and coastal waters 
was established. These sites are visited once a week and the abundance of algae is 
estimated by visual examination. If algae occur abundantly, a sample is taken for 
microscopical investigation. The results of the occurrence of algae are published 
weekly in leading newspapers and in the internet. This monitoring program, which 
has been directed particularly to the public, has been positively received and it will 
be continued in the future. 
Almost half of the samples occasionally investigated for toxicity have in fact been 
toxic. The dominant genus in the samples has typically been Anabaena, and if identi-
fied to the species level often A. lemmermannii, which can produce either neurotoxins 
or hepatotoxins. Swimmers have complained about skin and eye irritations and about 
the nuisance caused by the slime alga Gonyostomum semen in bathing waters. This alga 
causes an unpleasant slimy coating on the skin after swimming. It can cause allergic 
skin reactions, but is not toxic.
Contact person: Liisa Lepistö. Finnish Environment Institute, Tel. +358 20 490123.
Email: firstname.lastname@ymparisto.fi,
More information: http://www.vyh/ajankoht/tiedote/syke
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7   Monitoring of land use 
Outi Koskenniemi
About one tenth of the total area of Finland has been built up or in some way radi-
cally shaped by man. This area includes for example buildings, roads and parks. 
Many more natural green areas can also still be found even within built-up areas. 
Monitoring of land use particularly focuses on communities and their functionality, 
on integrating community structure, on developments in community planning, on 
the overall quality of the residential environment, on preserving our heritage, on the 
provision of green areas and outdoor recreation areas, and on the use of shores. Com-
prehensive data from geographical information systems helps planners in Finland to 
obtain a good overall picture of the land use, along with information obtained from 
other registers and special surveys. Finland’s environmental administration develops 
and manages detailed information systems covering land use throughout the country, 
in close cooperation with the producers and users of this data, in order to support 
research, monitoring and decision-making.
The information about land use planning and built environments helps to develop 
the steering and planning of land use. The main aim of the monitoring of land use is 
to obtain information about the state and development of land use for the decision 
makers. The Environmental Administration has monitored land use planning and 
building since the early1970s. The new Land Use and Building Act came into force 
on 1 January 2000. In the reform of land use planning the legislation included - for 
the first time - regulations concerning land use monitoring (Land Use and Building 
Act, Section 205 and Land Use and Building Decree, Section 96). Section 2 in the 
Land Use and Building Decree contains provisions on the duties of the government 
administration and local authorities:
• “The Ministry of the Environment shall organize the monitoring of the state 
and development of land use and the built environment, and the maintenance 
of the necessary database. 
• “Within its territory, the regional environment centre promotes and steers the 
organization of monitoring the state and development of land use and the 
built environment and also contributes to organizing the necessary monito-
ring.
• “Within their territories, regional councils shall see to monitoring of the state 
and development of land use, the regional and community structure, the built 
environment and the cultural and natural environment as required for regio-
nal planning and building.
• “Within their territories, local authorities shall see to monitoring of the state 
and development of land use, building and the built environment and the 
cultural and natural environment as required for planning and building.”
The Land Use and Building Act of Finland obliges the Environmental Administration 
and the local authorities to monitor land use and built environments since the begin-
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ning of the year 2000. Several information systems help to fulfil this task in Finland’s 
Environmental Administration. A working group, set up in 1999 by the Ministry of 
the Environment, dealt with the development of the information systems connected 
with the land use planning reform. A joint effort of the Environmental Administra-
tion including the Ministry of the Environment, the Finnish Environment Institute 
(SYKE) and the Regional Environment Centres resulted in many different informa-
tion systems:
• Nationwide Regional Land Use Plan Geographical Database enables uniform 
geographical information about regional planning.
• Land Use GIS (GISALU) is a geographical information system containing data 
on land use plans, deviation decisions and the cultural environment.
• Forms for monitoring local detailed plans, which municipalities complete, 
collect data on procedures of plans, areas, building rights and conservation, 
and shore plans.
• Information System for Monitoring Land Use Planning (KATSE) contains 
statistical data about planning.
• Urban Structure Monitoring System (YKR) is based on geographical informa-
tion about buildings, apartments, commuters, labour and population.
• Information System for Monitoring the Living Environment (ELYSE) contains 
statistical data about populations, buildings, housing and services.
The development projects dealing with these subsystems are still going on to im-
prove information systems for land use at all levels of Finland’s Environmental 
Administration. These systems form a basis for methods for land use monitoring, 
which, according to the new law is an important task from the point of view of the 
Environmental Administration. Technically the information systems for land use also 
are or will be subsystems of the Finnish Environmental Information System (Hertta). 
Hertta is implemented by Internet application techniques, and the browser-based user 
interface is used with a WWW- browser. The intranet serves Finland’s Environmental 
Administration, and the extranet use is possible on line for data producers and other 
cooperation authorities – especially the municipalities and the Regional Councils. 
Hertta was built by the Finnish Environment Institute (SYKE) and its development 
still continues.
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Information system Unit of 
information
Data content and sources User interface information 
system
Geographical WWW browser
Subject: Plans and decisions
Nationwide Regional Land 
Use Plan Geographical Da-
tabase
single plan combination of planning infor-
mation from regional councils 
on regional plans
ArcView 3.2-, 
8.x and 9.x
Hertta map 
service
Land Use GIS
(GISALU)
single plan or 
decision
land use plans, deviation deci-
sions, cultural environment
ArcView 3.2-, 
8.x and 9.x
Hertta map 
service
Forms for monitoring local 
detailed plans
single plan municipalities and land use plan-
ning consultants complete with 
WWW browser
- Hertta
Information System for 
Monitoring Land Use Plan-
ning (KATSE) 
municipality GISALU, completed forms for 
monitoring local detailed plans
- Hertta
Subject: Built environment
Urban Structure Monitoring 
System (YKR)
250 m x 250 m 
grid
different functional divisions 
(e.g. densely populated areas), 
YKR data, land and water areas
ArcView 3.2-, 
8.x and 9.x
Hertta and its 
map service 
planned for 
2006
Information System for 
Monitoring the Living 
Environment (ELYSE)
municipalities 
and the func-
tional divisions 
within them
residential areas (both low-rise 
and high-rise), densely popu-
lated areas
Population Register Centre, 
Statistics Finland, YKR data
- Hertta
The present situation concerning the development projects dealing with the informa-
tion systems is:
Contact person at the Finnish Environment Institute (SYKE), Data and Information 
Centre, Geoinformatics and Land Use Division: Kari Oinonen, Tel. +358 20 490123,
Email: firstname.surname@ymparisto.fi
Websites: www.environment.fi > Information services > Data systems
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8   Monitoring of environmental policy
     and implemented measures
8.1 
Environmental protection expenditure 
Eila Salomaa
8.1.1 
Public sector
Statistics on environmental protection expenditure in the public sector describe the 
annual amounts of money which central and local governments spend on environ-
mental protection. Apart from the budget-funded organisations of public administra-
tion, the statistics also extend to commercial enterprises that account for substantial 
proportions of e.g. municipal waste management and water supply. The statistics are 
produced in compliance with the principles of national accounts, the European Union 
and the OECD on statistics concerning the monitoring of environmental expenditure. 
This facilitates both national and international evaluations and comparisons of the 
public sector’s environmental protection activities.
Contact person: Eila Salomaa, Statistics Finland, Tel.: +358 9 17341 (switchboard), 
Email: ymparisto.energia@stat.fi.
Further information at: http://www.stat.fi/til/jsys/index.html 
8.1.2 
Industry
Statistics on the environmental protection expenditure of industry describe the costs 
which industry incurs from environmental protection. The statistics facilitate com-
parisons of such expenditure between different branches of industry and areas of en-
vironmental protection as well as internationally. Indirectly the statistics can be used 
to assess the demand for environmental protection and the scope of the environmental 
market created by industry. Compilation of the statistics follows the statistical princi-
ples developed jointly by Eurostat, the Statistical Office of the European Communities, 
and the Member States. Data for Finland are available from 1992 onwards.
The statistics cover industrial activities, i.e. mining and quarrying, manufacturing, 
energy supply, and collection, purification and distribution of water. The industries 
included in these categories are grouped according to the industrial classification 
confirmed by the European Commission’s Regulation. The statistics do not extend to 
non-industrial activities, such as waste water and waste management, which come 
under environmental services. Environmental protection investments include both 
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process integrated and end-of-pipe investments. Energy saving and occupational 
safety measures are not included in the statistics.
Contact person: Eila Salomaa, Statistics Finland, Tel. +358 9 17341 (switchboard), 
Email: ymparisto.energia@stat.fi.
Further information at: http://www.stat.fi/til/tymm/index.html
8.1.3 
Other sectors
As yet there is no established system for producing statistics concerning the environ-
mental protection expenditure of households, organisations, service enterprises or 
agriculture and forestry. Their environmental protection expenditure can be estimated 
to some degree from statistics on the final consumption expenditure of households 
and the financial statements statistics of enterprises and organisations as well as in-
directly from statistics concerning waste and waste water management.
8.2 
Environmental taxation 
Eila Salomaa
The statistics on environment-related taxes and charges describe the amounts of en-
vironment-related taxes and charges collected by the public sector and their share of 
the total tax revenue. The statistics extend to environment-related taxes and charges 
as well as to certain environment-related tolls. The statistics serve decision-making 
and planning in society, and the needs of international statistics. Environmental taxes 
and charges are a central element of administrative steering towards sustainable 
development.
Statistics on environmental taxation are compiled within an internationally consist-
ent statistical framework, jointly defined by e.g. the OECD and the Statistical Office of 
the European Communities, Eurostat. Data collected in accordance with the current 
statistical methodology are available from 1980 onwards.
The starting point in the definition of environmental taxes is the basis of taxation, 
not the nature of taxes. An environmental tax must be levied on some measurable 
physical quantity that has a harmful effect on the environment. By definition, all 
energy and vehicle taxes, for example, are environmental taxes, which additionally 
also include taxes and charges on packaging and pesticides, as well as oil pollution 
and oil waste charges, water protection charges and waste tax. The statistics also 
cover municipal waste, water and waste water charges as separate items. According 
to international practice, the statistics are compiled on a payment basis, i.e. taxes and 
charges are recorded under the year in which they are actually paid.
Contact person: Leo Kolttola, Statistics Finland, Tel. +358 9 17341 (switchboard), 
Email: ymparisto.energia@stat.fi.
Further information at: http://www.stat.fi/til/yev/index.html
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9   The use of monitoring data
9.1 
Data Systems of the Finnish 
Environmental Administration
9.1.1 
Environmental information system (Hertta)
Kati Manni
The environmental administration has developed an environmental information 
system Hertta that consists of the following different subsystems:
• Hydrology and water resources management    
• Lake register
• Water resources engineering  
• State of surface waters - water quality and zoobenthos        
• Ground water - areas and observation sites      
• Species - monitoring, references and statutes     
• Air emission 
• Emission estimations into surface waters    
• Environmental properties of chemicals   
• Living environment 
• Planning indicators and land use plans     
• Map service 
Data collection and storage for all the subsystems is continuously performed by 
the Regional Environment Centres, the Finnish Environment Institute and some 
cooperation partners. For some of the subsystems, data has already been collected 
and maintained for over a century. The contents of Hertta evolve constantly as new 
subsystems are being developed.
Most of the data produced by environmental monitoring can be retrieved using 
Hertta. Data produced by compliance monitoring is also included in subsystems of 
Hertta, and various GIS data are put to use via the Hertta system. The main goal of 
developing the Hertta system has been to rationalize the use of environmental data 
and to help users to combine data from different sources. Hertta is implemented as 
a web-based user interface to ensure easy access for users.
Hertta can be used by all the employees of the environmental administration. 
Municipalities, provinces and partners working in cooperation with our administra-
tion also have access to the data systems via extranet services. In addition it is also 
possible for others to obtain access rights by sending an application including the 
reason for the request.
It is also possible to order the environmental data for other purposes. More infor-
mation: http://www.environment.fi/datasystems.
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Contact persons: Finnish Environment Institute, Tel. +358 20 490123
Jorma Sipilä, Email: firstname.lastname@ymparisto.fi, Ministry of Environment, 
Tel . + 359 20 490123, Väinö Malin, Email:  firstname.lastname@ymparisto.fi.
9.1.2 
The VAHTI compliance monitoring data system 
Markku Nurmio
The VAHTI compliance data system functions as a tool for the 13 regional environ-
ment centres in their work on processing and monitoring permits. The data system 
contains information on the environmental permits of clients and on their wastes 
generated, discharges into water, and emissions to air. In the future, the system will 
also include information on noise emissions. This baseline data is used by the envi-
ronment centres and by other interested parties. Additionally, case management has 
been incorporated into the system.
VAHTI also contains information on how installations comply with environmental 
regulations. At the beginning of 2005, a new application was added which contains 
data on how the regional environment centres carry out their compliance monitor-
ing.
Currently, there are 800 active users of the system and it has a sound reputation as 
an effective tool in the everyday work of the environmental administration. Moreo-
ver, the data system already provides substantial reports for the diverse needs of the 
administration and for other interested parties needing information.
The user interface makes it possible to add new customers, change or add customer 
data, retrieve reports from database and write inspection reports. Additionally, the 
system has other helpful functions, such as mapping functions and a calendar to 
remind an inspector of time limits.
VAHTI is a customer information system ( operators must have an environmental 
permit from the authorities) containing, for example, the following information
– identification,
– contact persons,  
– respective authorities,  
– licence conditions, 
– environment insurance, 
– loading points , such as stacks and sewers,       
– emission control equipment,  
– treatment plans, 
– boilers and fuels used,   
– landfills,
– emissions to air, discharges to water and wastes       
– energy production, 
– raw materials, 
– production,
– water consumption,  
– fish farming,  
– peat production, 
– animal shelters and  
– analyses.
Contact person: West Finland Regional Environment Centre, Koulukatu 19, FIN-65100        
Vaasa Tel. +358 20 490 109, Markku Nurmio, Email:       firstname.lastname@ymparisto.
fi.
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9.2 
Environmental accounting 
Jukka Muukkonen
Environmental accounting systems describe interaction between the environment and 
the national economy. The UN’s System for integrated Environmental and Economic 
Accounts (SEEA) is a general, or “umbrella” framework, which combines the statisti-
cal systems for producing environmental and economic data. The first version of the 
SEEA was published in 1993 and a revised version in 2003. The Statistical Office of 
the European Communities, Eurostat, has developed its environmental accounting 
system, basing the work mainly on the National Accounting Matrix including En-
vironmental Accounts (NAMEA), developed in the Netherlands, on Environmental 
Protection Expenditure Accounts (EPEA), on material flow accounting (MFA) and on 
forest accounting (IEEAF).
Contact persons: Leo Kolttola and Jukka Muukkonen, Statistics Finland,
Tel.: +358 9 17341 (switchboard), Email: ymparisto.energia@stat.fi.
Emission accounts (as part of National Accounting Matrix including Environmental 
Accounts, NAMEA). Emission accounting combines the conventional supply and 
consumption tables of national accounts, presented in monetary values, with accounts 
that describe the burdening of the environment and the use of natural resources, ex-
pressed in physical measurement units. The loading is expressed as environmental 
theme-specific indices with weights based on chemical or physical properties, such 
as greenhouse gas potential and acidification effect. 
Emission accounts show the monetary and physical flows within the national 
economy and their effects on the economy and on the environment. The accounting 
matrix includes 34 commodities and industries. The emissions are presented in physi-
cal units as they appear in nature and they do not affect the figures on the economy. 
Both monetary and physical data are presented clearly in their own sections. Emission 
data are collated together using factors and their effects are presented with the help 
of environmental themes, such as climate change.
Contact person: Marianne Kaplas, Statistics Finland, Tel.: +358 9 17341(switchboard), 
Email: ymparisto.energia@stat.fi.
Environmental protection expenditure accounting examines environmental protection 
economy as part of the national economy. It compiles accounts on transactions that 
are also covered by conventional national accounts but are not presented separately in 
them. The most important elements of this accounting are environmental protection 
expenditure, environmental business activity and environmental taxation. 
Contact person: Eila Salomaa, Statistics Finland, Tel.: +358 9 17341 (switchboard, 
Email: ymparisto.energia@stat.fi.
Forest accounting mainly describes changes in the timber resources and in the flows 
of wood material, as well as in associated economic values in the national economy. 
In addition to wood, the statistics extend to other forest-based benefits, of which the 
quantities or monetary values are known, and to area data related to the forests. 
Forest accounting includes forestry, the forest industries, other industries and final 
consumption analysed in accordance with the standard industrial classification used 
in national accounting. Forest accounts data on the use of wood and forests are linked 
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to national accounts data on the economy and employment, input-output tables, and 
energy and emissions data at the industry and partially also at the commodity level. 
Contact person: Jukka Muukkonen, Statistics Finland, Tel.: +358 9 17341 (switch-
board), Email: ymparisto.energia@stat.fi.
Material flow accounting describes flows of matter from the environment to the 
economy, inside the economy, between the economy and foreign economies, and 
from the economy back to the environment. In physical input-output tables (PIOT) 
the flows of matter are described by branches of industry. Economy-wide material 
flow accounts describes material groups the total material use of the economy (TMR, 
Total Material Requirement), including both direct material use and unused extraction 
of domestic materials, as well as hidden flows included in imported raw materials 
and products. The perspective of environmental accounting will also receive more 
emphasis in the further development of waste statistics. Material flow accounts have 
mainly been compiled by Thule Institute of the University of Oulu, in cooperation 
with e.g. the environmental administration and Statistics Finland.
Contact person: Jukka Muukkonen, Statistics Finland, Tel.: +358 9 17341 (switch-
board), Email: ymparisto.energia@stat.fi.
9.3 
Sustainable Development Indicators 
Aili Pyhälä
Environmental monitoring programs produce a great deal of information. Indicators 
play an important role in facilitating the use of this information, as the aim of indica-
tors is to condense extensive amounts of information into a concise feasible format. 
Indicators are particularly useful and important when directing certain information 
to decision-makers and the public.
Key criteria for choosing indicators are that they should be reliable and useful. 
In fact, indicators are often based on data produced by environmental monitoring 
programs precisely because the data is reliable, covers long time-periods and is 
internationally comparable. It is therefore recommended that scientists developing 
indicators cooperate with those responsible for monitoring programs.
Indicators are developed on multiple scales, from international and national, to 
local scales. Currently some of the most prominent sustainable development indica-
tor sets are those produced by the OECD, the European Environment Agency (EEA) 
and Eurostat. International indicator sets often consist of indicators using data from 
a number of countries. Indicators developed for use at the national and local levels, 
on the other hand, are often more detailed and sophisticated.
Finland has developed a core set of national sustainable development indicators, 
first published in 2000, to monitor the national sustainable development program. 
Since then the indicators have been updated and maintained on the internet. Statistics 
Finland plays an important role in compiling both the necessary data and the indicators 
themselves. All in all, Finland’s sustainable development indicator work will continue 
to play a significant role in the formulation and follow-up of the new national sustain-
able development strategy. 
Contact persons: Aili Pyhälä, Finnish Environment Institute, tel. +358 20 490123,
Email: firstname.lastname@ymparisto.fi, Leo Kolttola, Statistics Finland, Tel.: +358 9 
17341 (switchboard), ymparisto.energia@stat.fi. The national sustainable development 
indicators can be found on the internet at: http://www.environment.fi/indicators
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Appendix: Abbreviations used
Abbreviation Explanation
AESOE European Stratospheric Ozone Campaign
AMAP Arctic Monitoring and Assessment Program
AOX Organic Cloride Compound
BL Bird Life, WWF Finland
BOD7 Biological Oxygen Demand
CES Constant Effort Sites (bird ringing)
CLRTAP UN/ECE Convention on Long Range Transboundary Air
Pollution
CNRS Centre Nationale de la Recherche Scientifique     
CODCr Chemical Oxygen Demand
CORINE2000 Land Cover Program for Europe
ECMWF European Centre of Medium Range Weather Forecasts
EEA European Environment Agency
ELYSE Information System for Monitoring the Living Environment
EMEP Long-Range Transmission for Air Pollutants in Europe
ENVISAT/MERIS Satellite imges used for water quality estimations in SYKE
EPEA Environmental Protection Expenditure Accounts
ERS Processed Satellite Image (FIMR)
ESB Environmental Specimen Bank (Finnish Forest Institute/
Finnish Environmental Institute)
EURATOM European Atomic Energy Community
EUROSTAT The Statistical Office of the European Communities
EUROWATERNET European Water Quality Monitoring Network coordinated by EEA
EWC European Waste Catalogue
FAO Food and Agriculture Organization of the UN
FGFRI Finnish Game and Fisheries Institute
FIMR Finnish Institute of Marine Research
FLASH-B Lyman alpha hygrometer
FMI Finnish Meteorological Institute 
FMI-ARC Finnish Meteorological Institute - Arctic Research Centre
FUVIRC Finnish UV-International Rresearch Centre
GISALU Land Use GIS - Geographical Infirmation System
GOMOS Instrument for measuring ozone onboard ENVISAT- satellite
GSE MarCoast European Space Agengy’s program
HELCOM Helsinki Commision
Hertta Information System of SYKE
IACS Integrated Administration and Control System of Tike
ICES International Council for the Exploration of Sea
ICP Forests International Cooperative Program on the Assessment and 
Monitoring of Air Pollution Effects on Forests
ICP IM Multidiciplinary Integrated Monitoring Program
IEEAF Forest Accounts
ILMARI Calculation System for Producng Data on Greenhouse 
Gas Emissions (Statisics Finland)
IM Integrated Monitoring
IRIS Communication System for Sending Satellite Pictures to 
Icebreakers (FIMR)
IVL Swedish Environmental Research Institute
KASTIKKA Database of vascular plants in Finland maintained by the 
Botanical Museum of the Finnish Museum of Natural History
KATSE Information System for Monitoring Land Use
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LAND European Space Agengy’s Program
LIMS Laboratory Information Management Systems
LTKM Finnish Museum of Natural History of the University of 
Helsinki
LoW List of Wastes
LRTAP Long-Range Transboundary Air Pollution
Metla Finnish Forest Research Institute
MFA Material Flow Accounts
MH Metsähallitus
MOSSE Biodiversity and Monitoring Program in Finland 2003-2006
MTT Agrifood Research Finland
NACE Industrial Classification in EU
NAMEA Nationa Accounting Matrix including Environmental Accounts
NFI The National Forest Inventory
NMVOC non Methane Volatile Organic Compounds
NOAA CMDL Frostpoint hygrometer
NOAA/AVHRR Satellite imges used for water quality estimations in SYKE
OCPs Organochlorine pestisides
OECD Organization for Economic Cooperation and development
OMN Instrument for measuring ozone in EOS-aura- satellite
OSIRIS Instrument for measuring ozone onboard ODIN- satellite
OSPAR The Convention for the Protection of the Marine Environment 
of the North-East Atlantic
PCPs Polychlorinated biphenyls
PIOT Physical input-output tables (in Material Flow Accounting)
POHJE Groundwater register of SYKE
PSP Polar Stratospheric Clouds
SAOZ Instrument for measuring ozone
SEEA UN’s System for Integrated Environmental and Economic 
Accounts
SESAME European stratospheric ozone campaign
SLICES Land Use classification of the National Survey of Finland
STUK Radiation and Nuclear Safery Authority
SYKE Finnish Environment Institute
TERRA/MODIS Satellite imges used for water quality estimations in SYKE
THESEO European stratospheric ozone campaign
Tike Information Centre of the Ministry of Agriculture and Forestry
TMR Total Material Requirement (in Material flow Accounting)
UN/ECE/ICP United Nations Economic Commisison for Europe, International 
Cooperative Program on Effect of Air Pollution on Natural 
Vegetation and Crops
UNECE United Nations Economic Commission for Uerope
UNFCC United Nations Framework Convention on Climate Change
UNFCCC LULUCF  Greenhouse Gas Reporting for Forests.
VAHTI Waste Data Register of SYKE
VEPS Siffuse Load Simulation System (SYKE)
VINTERSOL European Stratospheric Ozone Campaign
WMO/GAW Global Atmosphere Watch Program of the World Meteorological
Organization
WWF World Wide Fund for Nature
YKR Urban Structure Monitoring System
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